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Welding 6 in. thick 
pure aluminium 












LWAD 300 | LWAD 450 | LWAD 600 





A.C.| 34—315 59—450 116—625 


CURRENT RANGE 
D.c.| 27—250 47—360 95—520 





THE ONLY OIL-COOLED 


MAX. 
Ac/DC WELDING EQUIPMENTS Stone, | = a8 eat 
CURRENT D.c. 200 280 520 


AVAILABLE IN GREAT BRITAIN 























PRICE £310 £385 £495 
The turn of a switch gives a choice of A.C. or D.C. welding 
current. 
This advanced design of portable single-operator welding Send for full details to: 


The ENGLISH ELECTRIC Company Limited, 


' Welding Equipment Department, 
yrotected against transient voltage spikes and completely oil- ' ahiee merges 
I £ £ ) East Lancashire Road, Liverpool, 10. 


equipment employs extremely efficient silicon diode rectifiers, 


immersed for maximum cooling. The simple and robust Telephone: AINTREE 3641. 
construction ensures long, economical trouble-free service 


with virtually no maintenance. 






Provision is made in all sets 
for inbuilt power 


factor correction. welding 
A.C/D.C equipment 
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THe ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD PRESTON *" RUGBY ° BRADFORD LIVERPOOL ACCRINGTON 
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COMMERCE WAY .- 





VERTICAL 


WELDER 


A new conception in vertical 


welding, the Vertomat will have 


wide application in the building of 


oil tanks, shipbuilding and 


general engineering. 


CROYDON - SURREY - 


e@ Costly plate preparation 
eliminated. 


@ All welding by single 
pass—inter-pass 
de-slagging and chipping 
eliminated. 


@ Accurate plate alignment 
not essential. 


@ High thermal efficiency 
materially reduces power 
consumption. 


® Light, easily handled 
equipment. 


@ Power source by normal 
D.C. welder. 


@ Very high rate of 


deposition—up to 38 
pounds per hour. 


ROCKWELD ~ 


TEL: CROYDON 7161 

















IN 


MANIPULATING 


HEAVY 
PLATES 


This example shows a 423” x 
IL” thick plate formed to 1600 
mm. inside diameter—it was 
chamfered before forming— 
i.e. no allowance made for 
“flat”, a good instance of the 
capability of the Hugh Smith 
Vertical Bending Press. 





a HUGH SMITH 
Machine Tool 





The machine, illustrated at 
right, is designed to manipu- 
late heavy plates and is 
capable of bending, flanging, 
complete circle bending, 
forming conical shapes, etc., 
efficiently and quickly. 
It is fully described in a 
new booklet which is 


available on request. 


Made in powers from 800 tons to 3,000 tons for plates 10’ > 


H ug h S m i t h (G | asg ow) L td *9 14” up to 12’x 3” or more; a 1,200 ton machine is illustrated 

HAMILTONHILL ROAD ° GLASGOW, N:2 

Telephone: POSSIL 8201/4 I eae aed 
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PROGRESSIVE RAILWAYS 


now use 


WELDED RAIL 


A.l. APHF/60R AUTOMATIC 
FLASH BUTT RAIL WELDER 









OUR LATEST AND LARGEST FLASH BUTT RAIL WELDER 


for AMERICAN « CANADIAN RAILWAYS 





CAPACITY— 

Stee = =RAIL UP TO 155 LBS/YD 
le eee =C«(WVELD TIME— 
Rik Saat 60 SECONDS 





tl: ER 


20 YEARS’ EXPERIENCE IN AUTOMATIC RAIL WELDING 
INSTALLATIONS THROUGHOUT THE WORLD 


~~ “— 
a 
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ted A.I. ELECTRIC WELDING MACHINES LTD. 
GROVE HOUSE, SUTTON NEW ROAD, BIRMINGHAM, 23 
— Telephone: Erdington 1176 Telegrams: AIWELDS, B’ham. Works: INVERNESS, SCOTLAND 





AL MAY, 1961 3 


ee 












present... 
i's U WEL OD ARGON 


torches 














ENGINEERING 
Marine Welding 
& Nuclear Energy 
EXHIBITION 


Olympia April 20- May 4 











DIAMETER | inch 
OVERALL LENGTH 8 inches 
WEIGHT 3 oz 
YET, 3-350 amps 

capacity. 


TEC VISUWELD patented transparent gas nozzles give the operator an unrestricted view of the work 
at all times and cut argon gas consumption by up to 20%! Water cooling is carried to the tip of the 
torch, closer than with any other argon torch, to ensure continuous welding at 350 amps. Air-cooled 
models are available with maximum welding currents of 100 amps or 130 amps continuous duty cycle. 

When pencil models are fitted with 45° or 90° angle nozzles, they provide the means cf internally 
welding small diameter tubes. Pencil models use tungsten electrodes 6” long and angle torches, 3” long. 
Stub loss is never more than 3”. 





TRY THIS SIMPLE TEST! 


Make this simple test to prove how effectively 
TEC torch insulation retards heat. Apply the flame 
of a burning match directly to the torch head. 
Note that only a very slight smear of carbon 
lightly adheres to the surface. Proof positive that 
the torch resists the heat of continuous welding! 


Write or phone now for price list of all models and accessories 


INTERLAS LTD., AMPTHILL~ ToS Tel: Ampthill 3340 





REPRESENTATIVES IN EIRE: WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel. Dublin 47051 
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GEARBOX CASING 
in F.V.520 Steel 





= work 
of the 
cooled F.V. 520 steel provides a unique combination of 
eclly properties. It possesses the weldability and 
” long. corrosion-resisting characteristics of the 18/8 


chromium-nickel stainless steel, and at the same 
time is capable of being heat treated to give high 
mechanical strength. 

It is used extensively in the aeronautical field and 
is finding ever increasing applications for general 
engineering purposes. 

F.V. 520 steel is produced in the form of bars, 
“t forgings, sheet, strip, castings and centrispinnings. 
Technical literature is available on request. 














FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 
— the only company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 
BM] 
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Goodwill can’t take a beating 


110 kVp & 
Fluoroscopic 

& Radiographic 
Unit 






No one can afford an inspection system that 
allows a faulty component to pass undetected. 
Marconi Industrial X-Ray apparatus provides the answer. 






















A comprehensive range of static, mobile and portable 
equipment has been developed to meet the needs of industry, 
including units suitable for microradiography, for 
radiographic examination of castings and seam welds in 

steel plates up to four inches thick, and for the direct visual 
inspection of small parts by X-ray fluoroscopy. Time and 
money are saved by X-ray inspection before costly finishing 
processes begin, and your reputation is safeguarded in 

a product free from hidden flaws. 


175 kVp Transportable Apparatus 90kVp Apparatus 









250kV Apparatus 


Marconi engineers will be glad to 
advise you on the selection of suitable 
equipment, and they will provide 

you with excellent installation and 
after sales service. Write today 

for Marconi’s new booklet— 
Electronic Equipment for Industry 


COIN for X-Ray 


Please address enquiries to: 


MARCONI INSTRUMENTS LTD. at your nearest office. 





London & the South: Midlands : North : | Export Department: 
English Electric House, Marconi House, 24 The 23/25 Station Square, | Marconi instruments Led. 
Strand, London, W.C.2 Parade, Leamington Spa. | Harrogate. St. Albans, Herts. 
Tel: COVentGarden!234 Telephone: 1408 Telephone: 67455 Tel: St. Albans 59292 
ixas 
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Presenting a new D.C. arc weide 


IDEALARC 


TRADE MARK 


BALANCED 
3-PHASE 
SILICON 
RECTIFIER 
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% HIGH EFFICIENCY & FULL RANGE OF SIZES 300-500 AMP 
% LOW IDLE LOSSES %& RUGGED MAINTENANCE FREE CONSTRUCTION 
% STATIC SET—NO MOVING PARTS %& LOW PRICE—ECONOMICAL OUTLAY 





For further details write to :- 


Eemtrte ® 


THE LINCOLN ELECTRIC COMPANY - CLEVELAND - OHIO- USA 


the world’s largest makers of arc welding equipment 








iT’S A WELDER’S WORLD 


AEI can supply all his welding equipment 


ARC WELDING Metallic Arc Welding (Hand or Automatic) 
EQUIPMENT ~—s Submerged Arc Welding 

Inert Gas Arc Welding 

Atomic Hydrogen Welding 


ARC WELDING AEI Electrodes to meet every electric welding need 
ELECTRODES 
RESISTANCE Spot Welding (pedal or power operation) 
WELDING Projection Welding 

Seam Welding 

Roller Spot Welding 

Upset Butt Welding 

Flash Butt Welding (semi or fully automatic control) 


RESISTANCE Rivet Heating 

HEATING Hot Riveting 
Wire Rope Parting and Sealing 
Tubular Sheathed Elements 
Radiant Heating 


Send us your problems 


Welding Engineers are available for consultation at AEI Offices in most parts 
of the country, and a development section is maintained at Trafford Park 
Works, where samples of most types of work may be welded. 


Welding Engineers are available at these District Offices: Birmingham Cardiff 
Glasgow Leeds London Manchester Newcastle Sheffield. 


CAEI) Associated Electrical Industries Ltd. 
Transformer Division Heating & Welding Depariment 
TRAFFORD PARK, MANCHESTER 17 

L/woo1 
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10/12 cwt. van 

prices from £450. 
Ro, : a 15 cwt. van prices 
from £460. 


royal ha —\-\el ce) ge eee 



















gives you all 


1. Best axle weight distribution which comes from 
semi-forward control layout. Good roadholding. Sure 
stability laden or unladen. 


2. Easiest driver access. Lowest step height. Un- 
hindered entry, exit, and cross-cab movement. No 
bulkhead behind. 


3. Unique 6 phase rust protection. Includes special 
primer dip. Body immersed above waistline thus 
covering and protecting all vulnerable inner and 
under surfaces. Attractive factory-finished colours 
only £12.10.0 extra. 


4. Choice of three axle ratios so that you can select the 
exactly right one for economical operation. 


these features 








5. Large net load capacity. Both 10/12 cwt. and 15 
cwt. versions carry a bigger net payload (gross vehicle 
weight minus unladen weight). 


6. Lowest-priced 10/12 cwt. and 15 cwt. vans in Britain 
today—and prices include spare wheel and tyre and 
sliding doors. 


7. 200,000 x 8 years proof. Behind every Bedford van 
is the reliability that comes from building nearly 
200,000 to a sound basic design developed and 
improved over 8 years. 


8. 2 LOAD RATINGS: 10/12 cwt. and 15 cwt., each 
with 2 WHEELBASES: 90 ins. and 102 ins. 


See your Bedford dealer 


Vauxhall Motors Limited - Luton - 
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Bedfordshire 


Specialists 

in welding 

alloy steels 
elalemalelaraiclagelers 
metals 





Aluminiu 
id steels, Hastelloy 
Inconel, Monel metal, Nickel 


Stainless Steel, Titanium. 


Welded 
if-lelater-hilela 

and fusion welded 
pressure vessels 
to Lloyds Class 1 
ASME, AOTC codes 
and similar 
specifications 
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CESMEID, 


JENKINS 


of Rotherham 


hone 4201 (6 lines) 


BRITISH WELDING JOURNAL 





AL 








IGNITRONS 

















Associated Electrical Industries 
manufacture the widest range of 
ignitrons in the United Kingdom — 
moreover all AEI ignitrons are inter- 
changeable with the corresponding 
American types. Whatever the job, 
from the AEI lists you can select the 


right valve. 


Write for Leaflet 5851-8 






























AEI 


ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 

















Types 


Maximum Demand* 


(kVA) 


Maximum average* 
anode current 
(Amps.) 





Temperature 
control 









BK 22 
BK 24 
BK 24A 
BK 24B 
BK 34 
BK 34A 
BK 34B 
BK 42 
BK 42A 
BK 42B 
BK 66 





450 
1200 
1200 
1200 
2400 
2400 
2400 

600 

600 

600 

300 





15 
140 
140 
140 
355 
355 
355 

56 
56 
56 
22-4 








Integral 
Clamp on 








Integral 
Clamp on 









Integral 
Clamp on 















* Ratings are for welder control service, with two valves in inverse 


parallel at any voltage from 250-600v. r.m.s. 


Rectifier types 









Maximum average current 










Maximum peak voltage 
Type (Kilo volts) 8 at peak voltage 
(Amps.) 
BK 44 2:1 75 
BK 46 2:1 150 
BK 56 t+ 20:1 150 














t Tentative ratings. 






Associated Electrical Industries Limited 





MOTOR & CONTROL GEAR DIVISION RUGBY AND MANCHESTER ENGLAND 
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The world’s foremost 
metal spraying 


specialists 

















The Forth Road Bridge. 
Consulting Engineers: Messrs. Mott, Hay & Anderson and 
Messrs. Freeman Fox & Partners. 

Contractors for the Superstructure : The A.C.D. Bridge Co. Ltd. 


The new Forth road bridge is being protected by 
the metal spraying process and Metallisation 
has designed the special equipment for this 
major project. 


METALLISATION LTD., PEAR TREE LANE, DUDLEY, WORCS. Telephone: 52523.4 
London: 171 Palace Chambers, Bridge Street, London S.W.1. Telephone: Whitehali 2868 

Scotiand: Metallisation (Scotiand) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
N.E—. Coast: Portrack Grange Road, Stockton-on-Tees. Telephone: 64585 


M-wW.162 











ASK BERK 


for the finest Anti-corrosion Service 


@ Metal and plastic spraying equipment of @ Technical service backed by a fully equipped 
outstanding design. laboratory. 


@ Hard facing and powder welding equipment. ® Jobbing works and on site organisation. 


e Grit-blasting — Zinc, Aluminium, Berkalloy 
@ Complete shot-blast and metal spraying Spraying—Nylon & Polythene coatings—Epoxy, 
plants supplied. Vinyl and other protective paint treatments. 


F. W. BERK & CO. LTD (coatine pivision) 


BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 
Works at LONDON AND MANCHESTER 
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MODERNISE D 
HARDFACING... 


The introduction of ‘‘Stellite’ powder in 
1957 made possible the depositing of 
si cobalt base alloys by the spray-fusing and 
powder welding techniques. These pro- 
cesses are an economical and extremely 
fast means of protecting components 





i itour . = : 
bo — No.3, Subjected to conditions of heat, abrasion 
Rew W, and corrosion with the “Stellite’’ cobalt- 
Er pire : 

H Il, chromium-tungsten range of alloys. A 


* rien - smooth surface finish and sound metal- 
lurgical bond is produced and the 
processes are ideal for hardfacing a wide 
variety of wearing parts with ‘‘Stellite”’ 


DELORO | , 
Ss for icati 4 . 
STELLITE * end for publications B.39 and 8.40 











SPRAY- 
FUSING 
“*Stellite”’ 
powder being 
sprayed on 
components prior 
to fusion by the 
oxy-acetylene 
torch. 


POWDER 
WELDING 
“*Stellite” 
powder being 
sprayed and 
simultaneously 
fused by a 
powder welding 
torch. 


The names “‘Deloro” and “ Stellite’’ are registered trade marks 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE + ONTARIO - CANADA 


ADNO318 





sROkOM Mam Welding for I.C.I. 


Here are three examples of Welded Steelwork by BOOTH for 
various divisions of Imperial Chemical Industries Ltd. Each 
reflects confidence in the Welding ability of BOOTH. 

Greatly enlarged and improved Welding facilities are 
available for Tanks, Pressure Vessels, Structural Steelwork 
and work to customers special requirements. 


Right: Mild Steel Pressure Vessel for I.C.1. 
Centre: One section of a range of 18 Stainless Steel Bunkers for 1.C.1. 
Length 40’ 0”. Weight I5 tons. 

Left: Two of 8 Stainless Steel silos for I.C.I. Diameter 38’ 4” x7’ 0”. 
Weight, each 3% tons. 


a2 Bis by Oke a na 


JOHN BOOTH & SONS (BOLTON) LTD 

HULTON STEELWORKS, BOLTON. TEL. BOLTON 61191 
London Office: 26 Victoria St., Westminster, S.W.1 
Telephone: Abbey 7162 
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Note these Gazelle Advantages 


Non iron-powder contact type electrode giving 
maximum ease of use at lower cost - Unequalled 
de-slagging properties - Excellent weld appearance 
Minimum cleaning costs - Easy arc striking charact- 
eristics - Wide current range for each size of elect- 
rode « High travel speeds - Longer run lengths per 
electrcde than with any other Class 2 electrode 




















Obviously the welder himself. But he must have 
electrodes worthy of his skill. AEI meets this need for 
speed more certainly than ever ‘before with its new 
GAZELLE Electrode. These mild-steel electrodes are 
expressly made with the welder in mind. Their ease and 
speed of use and good de-slagging properties should 
revolutionize mild steel fabrication and welding work, 
For further information, return this coupon to the address below 


Visit our stand No. 5 (Row V), Ground Floor, Empire Hall at the 
Engineering, Marine, Welding and Nuclear Energy Exhibition, 
Olympia, April 20th - May 4th. 









Please send me further details of AE] GAZELLE 
ELECTRODES, including addresses of AEl District 
Offices from which sample packs are now available: 






NAME 











POSITION 











COMPANY 





ADDRESS 











GAZELLE 


Associated Electrical Industries Ltd 





HEATING AND WELDING DEPARTMENT 


TRAFFORD PARK, MANCHESTER, 17 
L/P 006 
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TRANSFORMER DIVISION 



























In your Works... 


A Copley Mobile Laboratory is on call at almost any hour of 
the day to undertake tests in your works. It is worth 
finding out how we replace guesswork with certainty. 

A consultation puts you under no obligation whatsoever. 
Write, call or telephone today. 






COPLEY METAL TesTiNg «im 
MOBILE X-RAY LABORATORY 















On the Site... 


We can test your work wherever one of our mobile units 


This mobile laboratory is completely equipped for the most exacting tests 


» Welding Supervision can penetrate. Distance is no object—our staff take a pride 
in making even the most difficult assignment on time. 
@ X-ray and Gamma Ray Mobility plus service—that's Copley. 


@ Ultrasonic Flaw Detection 
@ Leak Detection by Radioactive Isotopes 
@ Magnetic and Penetrant Dyes 
@ Marine Thickness Measurement 


COPLEY METAL TESTING LIMITED 


WHITE STREET - NEWCASTLE UPON TYNE 6. 
Telephone: Newcastle 624214 & 655885 











) FOR MOST TYPES OF PROJECTION WELDING 
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WELD BOLTS 


". @ © 9 ee = Fe thy 
PRODUCTION 








the popular THS 201 type in 


55 regular STOCK sizes. 


2” to 2": 5 diameters in UNC. UNF. 2BA. BSF. WHIT. A © &&&4 464A 












Deliveries also offered in 
15000 up Lots of Type THS 201A. 


ANN 
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NON-DESTRUCTIVE 


TESTING 








INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA-RAY, 
ULTRASONIC AND CRACK DETECTION 
A.LD. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 


Telephone: Fairlands 4546. 








THE ARDROX No. 996 


FLAW 


DETECTION KIT 

Using self spraying aerosol dispensers. 
A.I.D. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











Laboratory and Site 
NON-DESTRUCTIVE TESTING SERVICE 


X-RAY ° GAMMA RAY ° ULTRASONIC 
Magnetic and Fluorescent Crack Detection 
ANYWHERE ANYTIME 
GAMMA-RAYS LTD 


FOUNDRY LANE, SMETHWICK, 40 STAFFS. 
Telephone: SMEthwick 0846 











MANCHESTER OIL REFINERY 
(SALES) LTD 
76 Jermyn Street, London, S.W.! 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 
Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 











ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

%& Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 404! 





HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
wr 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 8}” x 
54” and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Weiding price 16/-, 
including postage. 








(almer 


NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) *% Magnetic crack testing 
Fluorescent crack testing * Ultra-sonic 
testing *% Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological! reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION «= BTR INDUSTRIES LIMITED 
PENFOLD STREET ~ LONDON N.W.8 TEL: PADDINGTON 6822 6/3121A 
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PORTABLE 
INSPECTION GEAR 


Lightweight Industrial X-ray Sets 
Isotope Sets for Pipe Welds 
Magnetic Flaw Detectors (850-2000 Amps) 
All Radiographic Accessories 
All X-ray Darkroom Equipment 


INSPECTION EQUIPMENT LTD 
19 BROAD COURT, DRURY LANE 
LONDON WC2 Tel. GLA.1402 & CUN.1795 
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BRAZING 


The illustration shows a num- 
ber of BRAUER “Quick 
Action” TOGGLE CLAMPS 
types T.C.25 and T.C.80 being 
used to advantage on a 
brazing jig for the production 
of instrument panel frame- 
works by F. T. Davis (Kings 
Langley) Ltd. 

Brauer Clamps are providing 
the accurate and even clamp- 
ing pressures that prevent 
distortion and enable the 
frameworks (see inset photo- 
graph) to be made to the very 
close limits called for. 















BRAUER “Quick Action” 
TOGGLE CLAMPS are 
saving thousands of man- 
hours wherever they are 
used in industry. Their fast 
and effortless action gives 
powerful accurate holding. 
Whether you are drilling, 
milling, welding, brazing, 
glueing or bonding, etc., in 
metal, wood or plastic 
materials BRAUER 
“Quick Action” TOGGLE 
CLAMPS will save you 
time and money. 


Send now for illustrated cata- 
logue and technical data to— 


Dept. 28, F. BRAUER LTD., Harpenden, Herts. 
Member of the Cope Allman Group 


/Nakers of Europe’s largest range of Toggle Clamps 


ws 
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Wire 
for the 
welding 


industry 
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WIRE FOR ELECTRODES 


Richard Johnson & Nephew Ltd - Manchester 11 
Tel.: EAST 1431 
17 








INTERNATIONAL 
INSTITUTE OF WELDING 


PUBLICATIONS | 





HANDBOOK ON BADIOGRAPHIC APPARATUS AND TECHNIQUES 


The Institute of Welding announced the publication in January 1961 of the only edition in English 
of this book which has been compiled by Commission V of the International Institute of Welding. 
The book thus represents the views of leading experts throughout the world on this subject, it 
deals concisely and simply with apparatus and techniques for the radiographic inspection of welds 
and describes the precautions necessary to ensure the safety of operators. The book will be a full 
bound publication in blue, size 8}"x 54” and will consist of 88 pages of text supported by illus- 
trations. Price 16/- including postage 


Obtainable from: 
Dept. BWJ, 54 Princes Gate, London, S.W.7. Knightsbridge 8556 


Cheques payable to The Institute of Welding 











Pantak mobile X-ray equipment for 
non-destructive examination 


The Pantak mobile X-ray equipment illustrated, is one of the five 
used by Babcock & Wilcox Limited at their Dalmuir and Renfrew 
Works. The equipment, which can be fitted with either a 300K V or 
400kV X-ray tube, produces first-class radiographs using short 
exposure times. The unit utilises a constant potential circuit, and the 
incorporation of metal rectifiers instead of valves results in a longer 
over-all life and stabilised X-ray tube performance. Please write for 
further information. 
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arms operated by a hydraulic jack, , 
gives a very wide field of movement. ; 
The tube stand is mounted on an 
easily towed truck with pneumatic- 
tyred wheels and Ackermann steering. | 
The whole unit can easily be operated 

by one man at ground level. 
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Some Design Considerations 
for Welded Aluminium 


The paper outlines factors relevant to the design of welded aluminium 


Structures. 


By S. R. Banks, M.ENG., 
and R. E. Smith, M.A. 


given. 


The characteristics of various aluminium alloys are described, and , 
comparisons are made with structural steel. Typical applications are 


Static and fatigue strength of welded aluminit 1 joints, and some 
preferred details of construction, are discussed. 


field of welded aluminium design in this paper. 

They undertake, however, to comment on the 
characteristics of the wrought materials available, and 
to deal with a number of matters of design from both 
the theoretical and the practical aspects. A list of 
useful references is also included. Welding processes do 
not fall within the scope of the paper, and it is assumed 
throughout that the designer is properly advised on 
appropriate techniques and fillers and that he is able 
to rely on inert-gas welding (Mig or Tig) of good 
quality. 

The history of weided construction in aluminium is 
short. In fact it is only within the last fifteen years, and 
indeed since the inert-gas techniques have been per- 
fected, that engineers have been able to feel confident 
about the welding of aluminium. 

Welding is used in aluminium structures for the same 
reasons that it is in steel ones, and has the same 
advantages in terms of economy of material and 
improved appearance and function. Welding uses less 
metal than riveting, there is an agreeable absence of 
overlaps and other clumsy expedients, and fluid- 
tightness can be readily achieved. 

The immense body of experience that has grown up 
during the welding of millions of tons of structural 
steelwork during the last half-century is invaluable to 


Ti AUTHORS do not profess to cover the entire 


the designer in aluminium. No apology is needed, 
therefore, for the frequent mention of structural steel 
as a background against which to discuss the problems 
and prospects of its light-weight competitor. 


Materials 


Aluminium alloys for welding fall into several well- 
defined categories. They are listed in the following 
sections to show the variety of materials that can be 
welded and also to give a background for discussion of 
possible lines of development. The materials are dealt 
with from the United Kingdom viewpoint and are 
defined in accordance with current British Standards.’ 


Non-heat-treatable materials 

These materials derive improved strength by cold 
deformation only; the deformation may be deliberate 
(e.g. by rolling sheet to a definite hardness), it may be 
incidental to manufacture (e.g. by extrusion), or it may 
be caused by subsequent forming or other working. 
The effect of heat, as in welding, is to reduce strength. 
approximately to that of the annealed or fully soft 
temper; the strength so lost can then be replaced only 
by further cold deformation. 
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Pure aluminium 

One non-heat-treatable material is plain unalloyed 
aluminium, which includes the British Standard 
materials | (99-99°% purity), 1A (99-8%), 1B (99-5 %), 
and IC (99%). These are all highly corrosion resistant, 
non-contaminating, and readily weldable, and have 
for many years found wide application in vessels for 
foods and chemicals. Their scope, however, is strictly 
limited by strength, which for unwelded material is no 
more than about 10 tons/sq.in. (15-7 kg/sq.mm) and 
which, after welding, can be as low as 4 tons/sq.in. 
(6:3 kg/sq.mm). 

Usually considered together with the pure metal is 
the slightly stronger and almost equally corrosion- 
resistant alloy N3 (1}°% Mn). This is produced mainly 
as corrugated sheet for building, in which form it 
serves a very large market. As a welded material its 
scope is also limited by its strength. 


2—20-ton rock dump-truck (AA5456) 
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1—Superstructure of SS Oriana 
(NP5/6) 


These purer materials are unlikely to penetrate into 
many new fields, although mention must be made of 
their transparency to neutron bombardment which, 
coupled with the 2 min half life of the radio-isotope 
Al?’, renders them suitable for certain nuclear-energy 
applications. In one U.K. plant, 1900 tons of welded 
l-in. thick plate have been installed. 


Al-Mg alloys 

The much stronger Al-Mg materials, in contrast, 
are by far the most important of all materials in 
welded aluminium construction. They have proved 
their worth in ship superstructures (Fig. 1), in highway 
dump-trucks (Fig. 2), in large liquid-gas containers 
(Fig. 3), and in many other applications ranging from 
pipelines to highway bridges. 

The chief of these materials, listed as N5 (3% Mg) 
and N6 (5% Mg) and with a long history in 
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boat-building, first came into general engineering use 
in about 1950, under the impetus of modern welding 
methods to which they are ideally suited. In addition 
to the obvious advantages of lightness and strength, 
these alloys possess remarkably high corrosion resis- 
tance particularly in marine environments. When 
manufactured in virtually the annealed condition, as 
they usually are, they suffer very little loss in strength 
on welding. In fact, this loss is often small enough to 
be negligible; and it is certainly much less than that 
occurring with the most efficient riveted joint. 

For shipbuilding applications, the plate material 
NP5/6 (44% Mg) was developed in the U.K. a few 
years ago especially to meet the strength requirements 
of Lloyd’s Register of Shipping? with maximum 
economy. The alloy N6 was retained for sections 
because its slightly higher Mg content was necessary 
to obtain the required properties by extrusion. 

The almost unlimited scope of the Al-Mg alloys in 
the range 3°%-5° Mg encourages constant search for 
even marginal improvement in properties, and there is 
keen competition in the development of new composi- 
tions. This is particularly so in the U.S.A., where at 
present there are six or eight varieties in production, 
differing from the U.K. materials chiefly in their Mn, 
Cr and Zn contents.* One of these alloys (AA5083; 
43% Mg) is currently being adopted in the U.K. to 
fill the long-felt need for a single shipbuilding material 
suitable for both plate and sections. There seems no 
reason why further developments should not take 
place. 

Finally, a parenthetical reference must be made to 
two other Al-Mg alloys. One of these is N4 (2% Mg), 
which has an established use as sheet and panelling; 
it is stronger than N3, has a similar corrosion resis- 
tance, and is equally weldable. The other is N7 (7 % Mg) 
which combines high strength with good weldability 





3—Liquid-methane storage tank (NP5/6) 
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and formability, but is of limited use owing to the poor 
resistance to corrosion, especially under stress, that is 
associated with its higher Mg content. 


Heat-treatable materials 

These materials derive their maximum strength 
usually from two successive heat-treatments: a short 
high-temperature solution treatment with a subsequent 
rapid quench in water, followed by a more prolonged 
ageing treatment at a lower temperature with final slow 
cooling. For materials which age-harden naturally at 
room temperature, the first heat-treatment (with 
quench) suffices. 

Most heat-treatable materials are weldable (some 
preferably by resistance welding), but they suffer the 
disadvantage of significant loss of strength when 
heated to welding temperatures. 


Al-Mg-Si alloys 

Until the acceptance of welding as a proved tool for 
aluminium construction, the Al-Mg-Si alloys H19, 
H20 and H30 were considered to be the best general- 
purpose materials for engineering in aluminium. They 
have a slightly higher ultimate strength (about 10% 
more) and a considerably higher proof strength 
(about twice) than N5 and N6; and these properties, 
in conjunction with a price commonly 10% less, make 
the Al-Mg-Si alloys economically attractive when 
strength is the primary consideration. Their relative 
disadvantages are a somewhat lower resistance to 
corrosion and a greater loss of strength on welding. 
This loss, resulting in a localised strength approximat- 
ing to that of the solution-treated and freshly quenched 
condition, cannot be replaced except by re-heat- 
treatment, which is seldom practicable. 

In the same group, though with lower strength, is 
H9. Because it has a superior natural finish and is 
readily anodised, H9 has a wide field of use in archi- 
tecture, where the reduction in strength on welding is 
often unimportant. 


Al-Cu-Mn-Mg(-Si) alloys 

Second among the heat-treatable materials are the 
high-strength copper-bearing alloys H14 and HI15 
(about 4% Cu, and the latter also containing | °% Si). 
Their application, with the notable exception of a wide 
use in aircraft, has been severely restricted by their 
comparatively high cost and by their comparatively 
low corrosion resistance when unprotected. Welding 
of these materials was considered impracticable until 
recent research by the British Welding Research 
Association’ showed that successful metal-arc welds 
can be made using a 7% Cu-3% Si electrode. It is 
early yet to assess the effects of this development, 
beyond noting that possibilities of using copper- 
bearing alloys may arise in high-strength light-weight 
structures. 


Al-Zn-Mg alloys 

Among the most promising of the heat-treatable 
materials are the comparatively new naturally-ageing 
alloys of the Al-Zn—Mg type; these are not covered by 
a British Standard. Together with strength equal or 
superior to that of the well-known Al-Mg-Si alloys, 
they possess reasonable corrosion resistance and have 
the great advantage of regaining strength naturally in 
the course of a few weeks after welding. 
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They were developed in France as ““Superalumag 
T35” (about 3}°% Zn and 14% Mg) and in Germany 
and Switzerland as ““Unidal” (about 5% Zn and 1% 
Mg) about Gfteen years ago; and more recently they 
have found a variety of uses in several countries. An 
indication of their possibilities is the Swiss welded 
hopper-car (Fig. 4) that formed part of an exhibition 
of aluminium rolling-stock held in Frankfurt in 1960. 

Experiment with these materials is on an increasing 
scale and it is likely that they will assume importance 
in welded aluminium structures. 


General considerations 

It is useful, before dealing more closely with design 
for welding, to draw attention to some of the proper- 
ties of aluminium that merit special consideration 
because they are different from those of structural steel. 
They are mentioned briefly in the following para- 
graphs; fuller discussion may be found in the literature 
of the aluminium industry.*:® 


Cost 

Aluminium is more expensive than mild steel; and 
in spite of its lower specific gravity, an aluminium 
structure will still weigh about 40% of a steel one and 
cost several times as much. 

Two inferences emerge. The first is that aluminium 
is an economical choice for structures only when full 
use can be made of its properties; for example, when 
its light weight minimises running costs of vehicles, or 
when its corrosion resistance reduces maintenance. The 
second inference is that it is desirable to design to 
greater precision in aluminium because the value of 
marginal savings is greater than in steel. However, a 
too-precise ‘design may defeat its purpose by increas- 
ing the cost of fabrication, and it is thus necessary to 
balance these two factors carefully to determine 
whether or not any particular refinement of weight 
saving is justified. The saving of a few pounds weight 
may be economical in an aircraft, for example, but 
not in a roof truss. 


Resistance to corrosion 

Aluminium behaves much better than steel in most 
environments whether rural, urban, industrial, or 
marine. In fact, in the establishment of an economic 
case for using aluminium its durability is second only 
to its high strength-to-weight ratio. 





4—Bulk-transport 
hopper-car ( Unidal) 
(Courtesy C.1.D.A.) 





Aluminium structures, particularly in the Al-Mg 
and Al—Mg-Si alloys, can often be left unpainted. 
Noteworthy examples are the seven-year-old super- 
structure of the 13,000-ton cargo ship Sunrip, and the 
ninety London Underground railway coaches that 
have been in use since 1951 ; better-known applications 
are window frames, and corrugated roofing and siding. 
Painting is usually necessary for Al-Mg-Si materials 
in severe environments, and is essential for copper- 
bearing materials in all but unpolluted atmospheres. 

The corrosion resistance of welded joints in alumin- 
ium is, with ordinary fillers, not significantly different 
from that of the parent metal, and it is usually un- 
necessary to give welded joints special protective 
treatment. 

Reference to corrosion is incomplete without noting 
that aluminium is subject to electrochemical attack if 
in contact with steel or copper. With steel, painting of 
the bimetallic joint before riveting or bolting is both 
necessary and sufficient. With copper (or brass), 
ordinary painting is insufficient and the two materials 
must be completely insulated from one another. 


Deflection 

The modulus of elasticity of aluminium is about 
one-third that of steel. An aluminium member or 
framework will consequently deflect about three times 
as much as a steel one of the same dimensions and 
under the same loading. This additional deflection is 
not necessarily a drawback, and discretion must be 
exercised in any job to make sure whether it is import- 
ant or not. In a railway coach, for instance, it is; and, 
generally speaking, the allowable deflection resulting 
from years of experience in steel must be adhered to, 
otherwise trouble may be caused by jamming of the 
doors or by excessive vibration. In a pressure vessel, 
on the other hand, a temporary increase in diameter 
may not matter if there is freedom of movement. 


Buckling 

A further effect of the comparatively low modulus 
of aluminium is that buckling demands greater 
attention from the designer than it does in steelwork. 
An extreme example is a very long strut which, 
irrespective of alloy, will carry only about a third of 
the collapse load of a similar steel strut. Aluminium 
members must therefore be designed with specific 
regard to the possibility of failure through instability 
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in compression. Advantage can often be taken of the 
extrusion process by using special sections with 
improved efficiency against buckling.’ 


Permissible stresses 

Permissible stresses and factors of safety are not so 
well established for aluminium as for steel, and al- 
though a few specifications are available*®-® the 
designer may sometimes have to make his own assess- 
ment. In doing so, he should take account of both the 
requirements of the structure and the properties of the 
material. For static loading, permissible stresses will 
usually be related to the guaranteed proof stress by a 
safety factor that can vary from as little as 1-6 for a 
non-heat-treatable material, where the spread between 
proof stress and ultimate stress is large (as it is with 
mild steel), to 2-3 or more for heat-treatable materials 
with a high proof-to-ultimate ratio. For fluctuating 
loads, it is not possible to quote permissible stresses; 
each design must be considered on its merits. 

The value of experience and actual testing cannot be 
over-emphasised, because it will often be found that 
permissible stresses are of only academic importance. 
For example, the thickness of the panelling in a bus- 
body or of the plating in a ship is decided—whether it 
be by the draughtsman or by some ruling authority— 
from experience rather than from calculation. In some 
structures, such as heavy earth-moving vehicles, design 
is still a matter of trial and error. And in others, the 
design criterion may well be deflection rather than 
stress. Even design specifications and codes of practice 
are in fact compilations of engineering experience, 
based on performance rather than on strict theoretical 
reasoning; the use of permissible stresses in struts, for 
instance, is no more than a convenient way of expres- 
sing a long history of testing. 


High and low temperatures 

It has been noted that the effect of high temperatures 
is to reduce the strength of aluminium. Therefore any 
structure likely to be exposed consistently to tempera- 
tures of 100°C. or more must be designed at stresses 
which take into account any consequent weakening of 
the material. Another high temperature effect is creep; 
this is significant in the design of pressure vessels.’ 

Sub-zero temperatures on the other hand have no 
deleterious effects, and in general the properties are 
improved: It is known!" that Al-Mg alloys do not 
suffer from brittle fracture (with rapid crack-propaga- 
tion) even at —200°C, and experiments by a colleague 
of the authors indicate that the strength of welded 
joints, under both static and fatigue loading, in- 
creases at low temperatures.!” 


Expansion 

The coefficient of thermal expansion of aluminium 
is roughly twice that of steel. It is therefore essential, 
in an aluminium structure liable to changes in tempera- 
ture, that adequate expansion ailowance be made, 
thereby preventing damage either to the structure or 
to its surroundings. An advantage of the lower 
modulus is that the actual temperature stresses set up 
in aluminium are only two-thirds of those in steel. 


Appearance 
When aluminium is left unpainted it is sometimes 
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necessary to ensure that the appearance of a welded 
joint is not objectionable. The problem is chiefly met 
in architectural applications, and a good example is 
the welded corner of a window frame. Two difficulties 
can arise. Firstly, the parent material may discolour 
because of metallurgical changes due to the heat of 
welding; and, secondly, the appearance of the filler 
may be in undesirable contrast to that of the parent 
metal. Both these blemishes are accentuated if the 
window frame is anodised, and many a fabricator has 
found to his cost that the welding process and the 
parent and filler materials must be selected with great 
care and with expert advice. The best possible appear- 
ance with H9 alloy, for example, is obtained by flash- 
butt welding; but the Tig process also gives good 
results provided that the material is in the solution- 
treated condition and is welded with N6 filler. 


Resistance to wear 

Aluminium is softer than steel’ and scratches more 
easily. Nevertheless its resistance to abrasion and 
shock-damage is frequently better than that of steel. A 
dump-truck (Fig. 2), for instance, has much longer life 
when made of aluminium because there are no corro- 
sion products like rust to wear away; and the high 
resilience associated with the low modulus absorbs a 
greater proportion of the energy of falling rock, with 
consequent reduction in damage. 


Strength of welded aluminium 
Static strength 

Typical unwelded and butt-welded tensile strengths 
of the British alloys are listed in Table I, which shows 
that the effects of welding are more significant for heat- 
treatable alloys than for non-heat-treatable ones. For 
example, the ultimate stress drops from 21 to 12 
tons/sq.in. (33-1 to 18-9 kg/sq.mm) for the full 
strength H30 alloy, but only from 19} to 17 tons/sq.in. 
(30-7 to 26-8 kg/sq.mm) for as-manufactured N5/6. 
Proof stresses are sometimes said to be more affected 
by welding than ultimate stresses are, but few figures 
are available for British materials. One difficulty is that 
the proof stress of a butt-welded joint depends on the 
gauge length over which it is measured: the longer the 
gauge length, the higher is the proof stress. Another is 
the problem of assessing the extent to which a simple 
tensile test is representative of practical behaviour. 


Table I 
Typical welded and unwelded strengths 





Ultimate Stress, 
tons/sq.in. (kg/sq.mm) 


Tension Shear on 

Butt- Longitudinal 

Alloy Unwelded welded Fillet Weld* 
Pure alu- SICH 10 (15-7) 5% (8-7) 3 (4:7) 

minium 
Al-Mg NS3H 13 (20-5) 7 (11-0) 4 (6-3) 
NS43H 15$(24-4) 11 (17-3) 6 (9-5) 
NPS5/6M ~~ 193(30-7) 17 (26-8) 9 (14-2) 
NE6M 18$(29-2) 17 (26°8) 9 (14-2) 
Al-Mg-Si HE1I9WP : ; ? 

HE30WP 21 (33-1) 12 (18-9) 8 (12-6) 
HE20WP 20 (31-5) 12 (18-9) 8 (12-6) 





* Parent metal filler for Sl and NS3; N6 or N21 filler for 
remainder. 
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The designer’s real need is for knowledge of how an 
actual structure will behave, and it may often be 
desirable to test a part of a structure, or perhaps a 
complete prototype, in order to achieve a fully 
economic design. The eventual formulation of per- 
missible-stress rules for welded aluminium, therefore, 
must rely heavily on practical experience. But a rough 
guide can be obtained by dividing the ultimate weld 
strengths given in Table I by a factor of about 3. 

Typical shear strengths of longitudinal fillet welds 
are also included in Table I; these depend on the filler 
rather than on the parent metal. 

The local loss in properties of welded aluminium is a 
considerable drawback but it is not such a dis- 
advantage as it might seem. By careful design it is often 
possible to locate welds in regions where stresses are 
low and Where the full strength of the material is not 
required. For example, a beam can be welded along 
its neutral axis without causing any serious weakness. 
Similarly, in a built-up girder the web can be spliced 
near midspan where the shear stress is low, and the 
flanges at, sgy, the quarter points where the bending 
moment is low. And, of course, there is no strength 
problem in the many applications where welded joints 
are virtually non-load-bearing and are merely a means 
of fabrication. 

Even when a weld occurs in a highly-stressed region 
it is still not always necessary to design on the assump- 
tion that the whole member is reduced in strength. The 
actual weakened zone, particularly with automatic 
Mig welding, is quite narrow and seldom exceeds a few 
centimetres in width, even with heat-treatable material. 
In tension members, a longitudinal weld will have very 
little effect on overall strength; a transverse weld, on 
the other hand, will inevitably produce a weak cross- 
section which must be taken into account. For this 
reason longitudinal welds are preferable to transverse 
ones when static strength governs the design. A valu- 
able design method," corroborated by tests,‘ has 
recently been developed in the U.S.A. This method 
allows for the reduction in strength near welds, but at 
the same time takes advantage of the inherent strength 
of the material remote from welds. It is worthy of 
study by all designers of welded aluminium. 

Design is greatly simplified if use can be made of the 
naturally-ageing alloys, such as H1I4 and more 
particularly the newer Al-Zn—Mg series, which regain 
their strength after welding. 


Fatigue strength 

Fatigue is a complex phenomenon, and in the 
present state of knowledge it is possible to make only 
very limited. rulings on permissible stresses for welded 
joints.* Nevertheless the factors governing the fatigue 
behaviour of welded aluminium are becoming under- 
stood,'*.!® and can be summarised as follows. 

The maximum load used for static design rarely 
occurs in the life of a structure and is of little interest 
when fatigue performance is being assessed. It is the 
many-times-repeated live load, perhaps superimposed 
on a steady dead load, that is important. For example, 
an NS5/6 butt-welded joint will fail under a static 
tensile stress of 17 tons/sq.in. (26-8 kg/sq.mm); but 
the same joint carrying a constant stress of 3 tons/sq.in. 
(4:7 kg/sq.mm) will fail after about one million 
applications of a further stress of +3 tons/sq.in. 
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(+4-7 kg/sq.mm). Great care must be taken in 
estimating both the magnitude and the frequency of 
loading. On the one hand underestimation may lead to 
premature failure, while on the other hand exaggera- 
tion can easily result in rejection of a design on 
economic grounds. 

One of the most important factors in designing 
against fatigue is the actual geometry of the welded 
joints. Careful detailing is essential to avoid the stress 
concentrations which are the prime cause of fatigue 
failure. Unsymmetrical or eccentrically loaded joints 
and sudden changes of cross-section are bad in 
fatigue; and so are stress raisers such as weld craters 
or intermittent welds. The importance of joint design 
is illustrated by some test results (Fig. 5) obtained by 
another of the authors’ colleagues.'? Butt-welded 
joints, provided they are of smooth profile and free 
from undercutting, give the highest fatigue endurances. 

The requirements of design against fatigue are often 
in conflict with those for static design. Thus transverse 
fillet welds, with their more uniform stress distri- 
bution, are superior to longitudinal ones in spite of 
the adverse effect on the static strength of the members 
being joined. Again, cover straps or excessive weld 
deposits that are useful for improving the static 
strength of a joint will actually reduce its fatigue 
properties. 

Much guidance on design against fatigue is available 
from the aluminium industry, but often the only sure 
way of solving a particular problem is by fatigue 
testing joints, or even complete structures, made as 
nearly as possible identical to those actually proposed, 
and loaded under the expected working conditions. 


Details of design 
Apart from the initial problems of choosing the 
appropriate alloy and welding process for any 
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BANKS AND SMITH: SOME DESIGN CONSIDERATIONS FOR WELDED ALUMINIUM 


é Lite 
Unsatisfactory 


particular application, there are several considerations 
which the designer should bear in mind. 

Firstly, close liaison with the welding shop is 
essential; otherwise the welder may not understand 
exactly what the designer wants, and the designer may 
not be able to take full advantage of the welder’s 
practical experience. It is not enough for the draughts- 
man to depict two pieces of metal on a drawing and 
accompany them merely with the word “WELD”. 
Details of joints should always be given in full, pre- 
ferably by means of standard symbols!* which should 
be known by both parties. A good design in welded 
aluminium demands a clear understanding of methods 
of construction, and the welder himself will often be 
able to suggest expedients that will minimise fabrica- 
tion difficulties. Furthermore, the welder’s views on 
accessibility to the torch, on elimination of un- 
necessary jigging and handling, and on welding 
sequence to control distortion should also be obtained 
and incorporated in the design from the outset. 

Such matters as the avoidance of misalignment or 
even of undercutting at welded joints, and the pro- 
vision of run-off tabs to eliminate weld craters (in 
addition to drawing-board matters like the avoidance 
of abrupt changes in cross-section and of crevices 
which may encourage corrosion) are the responsibility 
of the designer, who must also ensure by precise 
specification that his requirements of weld testing and 
inspection?® are fully stated and will be properly met. 

Obviously, the number of welded joints should be 
kept as small as possible, so as to improve the appear- 
ance of the finished job. Fabrication will also be 
much cheaper. 

All joints should be kept simple and, as far as 
possible, arranged either for mechanised welding or for 
manual welding in the downhand position. Awkward 
joints can often be avoided by the use of special 
extrusions, forgings or castings, or simply by bending 
the various components. Thus, when two plates form- 
ing a T-junction meet at a very acute angle (Fig. 6), it 
may be preferable to bend one of them so that the 
joint is fully accessible to the welding torch. Ideally, 


* i oad 











Inaccessible 
for root fusion 


6—Acute-angled T-junction 


joints should be self-jigging and arranged so that the 
neighbouring metal provides adequate support for the 
molten weld pool. For example, in plate-to-stiffener 
assémblies it is convenient, when butt welding the 
plate, to use the stiffeners themselves as backing bars. 

Some simple corner connections are illustrated in 
Fig. 7. Single fillet welds on one side of a T-joint are 
weak against tearing from the root and produce 
undesirable notch effects; welding should be done from 
both sides. When strength is important, sufficient 
overlap should be provided (greater than the fillet size) 
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7—Simple corner welds 











to prevent burning away of the corner and so avoid an 
undersize throat of the fillet weld. 

With fillet welds, it is worth remembering that 
strength is proportional to throat size but that cost is 
proportional to the square of throat size. Therefore, a 
continuous small fillet will be cheaper than an 
equivalent large intermittent one, as well as being 
more satisfactory from the viewpoints of water- 
tightness, of absence of corrosion crevices and stress 
concentrations, and of suitability for automatic 
welding. 

With butt welds, full consideration should be given 
to eliminating expensive edge preparation whenever 
possible. If material can be ordered precisely to size, 
and even pre-sawn at the correct angle, appreciable 
savings can be made. Furthermore, edge preparation 
can sometimes be dispensed with if advantage is taken 
of the recently developed high-current Mig process 
for thick plate. 


Concluding Remarks 


To take a broad view, it can be said that although 
welding is a proved technique for aluminium structures 
its application is not yet fully exploited. However, 
there are indications that welded aluminium will enter 
more widely into road, rail and sea transport and, with 
increasing knowledge of the static and fatigue proper- 
ties of fillet-welded joints, into framed structures. 

In materials, the already-successful Al-Mg alloys 
with Mg-contents between 3% and 5% are likely to be 
developed and improved; and the newer Al-Zn—Mg 
alloys, with their ability of recovering strength after 
welding, are also expected to come into prominent use. 

In design, perhaps the most important point is that 
no welded aluminium project should go forward 
without prior and continuous liaison between drawing 
office and welding shop. 

To encourage new developments it is incumbent on 
the aluminium industry, with the help of the welding 
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institutions, to place up-to-date knowledge of welded 
aluminium before the engineering profession in the 
form of clear and easily usable design information and 
to do this as quickly and as continuously as possible. 
Much of this information is already available from 
aluminium manufacturers, and the designer can 
obtain considerable assistance from their experience 
and research work. 
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BOOK REVIEW 


A. Mattinc (ed.): “Das Schweiszen der Leichtmetalle und 
seine Randgebiete’’, 1959, Diisseldorf, Deutscher Verlag 
fiir Schweisstechnik, 200 pp. (19.50 DM.) 


This Handbook is the second edition of the well-known 
work which was first published immediately before the 
outbreak of war in 1939. Both editions have been edited by 
Professor A. Matting of the Technical High School, 
Hanover, and the work is, as may be expected, extremely 
thorough. This edition contains contributions from many 
of the light metal welding experts in Germany and can be 
recommended as a useful summary of the state of the 
science in that country. The seventeen chapters cover not 
only the welding processes for aluminium and magnesium 
but also the allied topics of joining by plastics adhesives, 
metal spraying and cutting processes, testing and design 
recommendations. Only one chapter is devoted specifically 
to the welding of magnesium alloys and this might well 
have been expanded, especially in view of the early and 
continuing interest of German industry in magnesium. 

The first chapter provides a brief but valuable summary 
of the applications of the various joining processes to 
aluminium and its alloys which are set out according to the 
German (DIN) specifications, and these recommendations 
follow largely the same lines as those current in Britain. 
There is a brief explanation of the basic metallurgical 
factors which influence the tendency to weld cracking, and 
tribute is paid to the considerable amount of British work 
in this field. The effects of temperature on the properties 
of the parent metal are well illustrated, and there is a useful 


note on the indentification of the light alloys—a contribu- 
tion which might well appear in other books on this sub- 
ject. Gas welding and metal arc welding are still promin- 
ently featured, but the chapter on inert-gas welding is 
perhaps a little thin when account is taken of the very large 
amount of information published in the English-speaking 
countries. The author’s treatment of electric resistance 
welding is excellent, as also is the chapter on jointing of 
cables; this last, incidentally, being the only chapter which 
bears no author’s name. Soldering is given a chapter to 
itself, and does not list the usual large selection of solder 
compositions or of flux mixtures. 

Perhaps the most interesting contribution is by Matting 
himself on ‘special’ welding processes which range 
from hammer welding to pressure welding, including a 
reference to the fundamental work by Tylecote in Britain. 
The application of this process to heat exchangers developed 
for war-time purposes is well illustrated and the chapter 
includes a brief description of the ‘Alfin’ process for bonding 
aluminium to steel and cast iron. There is a separate chap- 
ter on cold pressure welding, the applications cited including 
solid rod conductors. What may be properly described as 
a powerful chapter is by Brenner and Matting on the way 
to apply welding, and some quite useful design data are pro- 
vided. Matting also collaborates with Klein on testing of 
light metal welds, providing a useful summary of practice. 

Although some of the illustrations might have been 
larger, with advantage the book is well produced and 
forms a useful guide to practice in Germany. 

E. G. WEST 
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A Recent Specification 


for Fusion Welded Aluminium 


and Aluminium Alloy Pressure Vessels 


By F. Smith 


for Class I Duties 


The paper discusses the major technical points involved in the drafting 
of a specification for Class I fusion-welded aluminium and aluminium- 
alloy pressure vessels. The specification has been prepared by Imperial 
Chemical Industries Ltd. for the purchase of chemical process vessels 


in these materials. 


Introduction 


tries Ltd. to purchase pressure vessels to internal 

company specifications which cover their manu- 
facture, inspection, and testing; inspection is carried 
out by the company Inspectorate at certain defined 
stages during fabrication. Methods of design and of 
fabrication for mild steel and Cr—Ni steels are well 
established, and specifications to cover the purchase 
of vessels in these materials have been available for a 
number of years. However, the purchase of a pressure 
vessel in aluminium or its alloys has been conducted 
on an individual basis for each vessel. The specification 
to be discussed has been prepared so as to minimise 
work in the design and ordering stage and to standard- 
ise the basic requirements for pressure vessels in these 
materials. 

It is emphasised that the document referred to is a 
Company specification and is not a British Standard 
Specification.* As such, it is concerned solely with the 
Company’s requirements for pressure vessels in alu- 
minium and its alloys. The document has been pre- 
pared by a small panel, composed of Company staff, 
and the author is one of the members of this panel. 
Acknowledgement of helpful advice is made to Messrs. 
A.P.V. Ltd. with whom the draft was discussed. 

Since a specification is a contract document, whose 
requirements are legally binding on both purchaser 
and contractor, a number of points of detail must be 
covered. These will of course include matters common 
to pressure vessels in other materials. In this paper 
only the major points, specific to the design, fabrica- 


I is standard practice in Imperial Chemical Indus- 





*A British Standard Specification for Aluminium and Alumin- 
ium Alloy Pressure vessels is in the course of preparation. 


tion, and/or testing of vessels in aluminium or its 
alloys will be discussed. 

Relevant sections of the specification are given in 
the Appendix together with a number of typical weld 
details. 

Discussion 
Design 

Whilst BS.1500:1958, Part I “‘“Fusion Welded Pres- 
sure Vessels for use in the Chemical, Petroleum and 
Allied Industries” deals only with the design, construc- 
tion, and inspection of pressure vessels in carbon and 
low-alloy steels, the design methods in this document 
are suitable for use in the design of aluminium and 
aluminium-alloy pressure vessels with some slight 
exceptions and qualifications. The additional require- 
ments are: 


(a) Allowable Design Stresses 

Allowable design stresses for substitution in the relevant 
formulae in BS.1500 are given in the specification. 

The stresses for plate and other wrought material were 
obtained partly from the ASME Code for unfired pressure 
vessels (Section VIII 1956). The remainder were derived 
from test data available in the United Kingdom, the 
criteria used in deriving the allowable stresses being those 
given for non-ferrous metals in the ASME Code. 

Some of the materials allowed by the Company Specifi- 
cation do not give joints whose strength invariably exceeds 
the minimum annealed strength of the parent plate, and to 
take this into account the design stresses for butt welds in 
tension are reduced to 95% of those permitted for the 
material in the annealed condition. 

(b) Vessels Subject to External Pressure 

The design formulae and methods given in BS.1500:1958, 

Part 1 are not applicable to the design of aluminium or 





Manuscript received 6th March, 1961. 
The author is in the Research Dept., General Chemicals Division 
of Imperial Chemical Industries Ltd., Widnes. 
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aluminium-alloy vessels which are subject to external 
pressure, since the values of Young’s Modulus and of the 
yield stress for the various steels are written into the design 
methods. The requirements of the ASME Code 1959 have 
therefore been specified. 

(c) Weld Details 

A number of weld details for aluminium and its alloys 
have been prepared which are suitable for Tig and Mig 
processes.* Typical details, which include types suitable for 
both pressure vessels and light duty fabricated items, are 
given in the Appendix. Where vessels are designed by a 
contractor copies of standard sheets giving these weld 
details will be supplied with the order. This is normal 
Company practice. 

The design of butt weld details in these light metals 
follows standard practice, the difference between them and 
those for mild steel being due to the need to provide access 
for the welding torch nozzle, particularly with the Tig 
process. Suitable access is provided by increasing the 
included angle of the weld detail and the root radii in the 
case of thick sections. 

Groove welds in flanges and other attachments are 
similarly increased in width to allow access. 

As in the case of steel, welds in fillet-welded attachments 
are sized so that the effective throat thickness is equal to 
the thinner member of the sections being welded. 

(d) Stress Relief 

It is nofconsidered necessary to heat-treat fusion-welded 

aluminium vessels for stress relief. 


Materials 

The materials included in the specification are those 
considered to be suitable for the manufacture of 
fusion-welded Class I pressure vessels. The Al-Mg-Si 
alloys are omitted, partly for reasons of poor weld- 
ability but also for design limitations, since the 
annealed strength of these materials, which is ap- 
proached in the heat-affected zone in welds, is signifi- 
cantly lower than the annealed strength of the high- 
magnesium non-heat-treatable alloys such as N4, N5 
and N5/6. Since it is not normally practicable to 
heat-treat fusion-welded pressure vessels of Al-Mg-Si 
alloys to develop their optimum strength, there is no 
advantage to be gained in their use. 

The materials allowed are therefore as follows: 


99-99°, aluminium to BS.1470 and 1477 Alloy 1 


99-8 » Alloy 1A 

99°S'% si - » » 9 Alloy 1B 

99-0”, a ie et ee 
I- 25% manganese alloy  «< «< see 
2: 5% magnesium ,, ,, Alloy N4 
337% - ” Alloy N5 
4 99 snes « Aare 


Alloys N5 and NS5/6 are, however, limited in their 
application, since it has been shown! that alloys 
containing more than about 3% Mg are liable to form 
a grain-boundary precipitate when heated at even 
moderately elevated temperatures. Precipitation in- 
creases with ‘increase in magnesium content and is 
more rapid in the cold-worked condition than in the 
annealed condition. The precipitated phase (Al-Mg) 
is strongly anodic to the grains and can corrode 
selectively at high rates in the presence of an electro- 
lyte, particularly under the influence of stress. Both 
wrought and cast magnesium alloys, including weld 
deposits, are susceptible to precipitation during heat- 
ing and to intergranular attack. The use of the high- 
magnesium alloys NS and N5/6 has therefore been 
restricted to those vessels whose subsequent service 





*Tig 


g= inert-gas tungsten-arc process. 
Mig 


inert-gas metal-arc process. 
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temperature will not exceed 40°C. Preheating of these 
alloys during fabrication is not permitted for the same 
reason. 

The alloy Né4 is not susceptible to grain-boundary 
precipitation and subsequent intergranular corrosion 
owing to its low magnesium content (1-8-2-7%). 
However, this material is normally welded with N6* 
filler rod which contains 4-5—5-5°% Mg. For vessels in 
N4 which are intended for service at temperatures 
above 40°C., N4 filler rod must be used. Guidance to 
this effect is given in the Foreword to the Specification. 
The reduction in magnesium content of the filler rod 
results in the weld deposit being crack sensitive under 
conditions of restraint, e.g., as in the case of branch 
attachment welds and patch welds. It is, however, 
possible to make crack-free butt welds, and for this 
particular case it is recommended that fillet-welded 
attachments be avoided in design, e.g., by swaging out 
branch connections to allow butt welding of welding- 
neck flanges. 


Fabrication 

Only the Tig and Mig welding processes may be 
used for the fabrication of vessels to this Specification, 
the metal-arc process using covered electrodes and the 
oxy-acetylene process being considered unsatisfactory. 

It may be noted that aluminium of 99-5% purity 
(Alloy 1C) is specified for vessels for some nitric acid 
duties and that hot-hammering of welds is necessary 
to disperse grain-boundary Fe-Si precipitates when 
the oxy-acetylene and/or metal-arc process with 
covered electrodes are used in the fabrication of the 
vessels. It has been shown within the Company that 
hot-hammering of welds is not required if the Tig or 
Mig processes are used with 99-8°% purity filler rod 
or wire. 


Inspection and Tests 
Mechanical Tests 


Test plates attached to the vessel and welded by the 
same process and at the same time as the vessel seams 
are specified as in standard practice. The all-weld- 
metal tensile and the impact test normally demanded 
on mild steel vessel test plates are not considered to 
be necessary in the case of aluminium, since weld 
deposits are not subject to fissuring, a factor which can 
seriously affect reduction in area values, or to em- 
brittlement. A side-bend test was, however, specified 
in place of the more usual direct and reverse bends, 
since it was considered more likely to reveal centre- 
line faults. Aluminium and Al-Mn welded joints are 
sufficiently ductile to permit bending around a former 
of 37, where 7 is the width of the side bend test 
specimen. However, the ductility of weld deposits in 
N4, N5 and N5/6 is much lower, and for these mate- 
rials a former of 67 is specified. 


Radiography 


Although radiographically sound welds can ‘be 
obtained in aluminium or the Al-Mg alloys, they 
cannot be consistently achieved as in mild steel vessels 
fabricated to Class I standards. Furthermore, repair 
welding of defective mild steel welds can be carried 
out with comparative certainty whereas attempts to 





*BS.2901 Alloy NG6. 











repair minor gas porosity in aluminium or aluminium- 
alloy welds may result in the incorporation of more 
serious defects in the seam. With aluminium or 
aluminium-alloy butt welds, it is therefore undesirable 
and often impracticable to insist on complete freedom 
from minor porosity, and the radiographic standard 
of such welds must differ from that customary in 
Class I mild steel vessels, i.e., virtually clear radio- 
graphs. 

Radiographically sound welds in mild steel can be 
achieved consistently only by the use of a suitable 
welding procedure, attention to detail, and good tech- 
nical control. A radiographic standard of acceptance 
for aluminium butt welds in vessels for Class I duties 
must represent a standard that can be achieved by 
similar good practice. A standard that is set too low is 
undesirable however, for it provides no incentive to 
further process improvement and is otherwise un- 
satisfactory for competent contractors. It should also 
be noted that welds can contain defects which are 
difficult to detect even by good radiographic tech- 
niques. An excessively high standard of acceptance is 
equally undesirable. When drafting the radiographic 
acceptance clause careful consideration was given to 
both the above aspects. 

A number of faults which are considered to be 
unacceptable are listed in the relevant clause in the 
Specification. These faults include cracks, lack of 
fusion, lack of penetration, and aligned porosity, the 
latter being indicative of undetected lack of penetra- 
tion. All these faults would have a serious effect on 
the strength of a welded seam. The remaining faults 
in this class, viz, tungsten inclusions (Tig only), oxide 
inclusions, and porosity in the size range noted are 
considered to be avoidable by the use of suitable 
welding procedures. But these defects are almost 
inevitably present to some extent in all welds and the 
radiographic acceptance standard is primarily con- 
cerned with these. 

Tungsten inclusions can occur as isolated spots or 
as colonies. They are not completely avoidable but it 
is considered that the limits proposed in the acceptance 
standard represent the maximum inclusion count 
which would occur with the use of a correct welding 
procedure. Oxide film limits were arrived at on a 
similar basis. 

The selection of a radiographic standard of accep- 
tance for porosity is complicated by the fact that the 
various grades of aluminium (including the Al-Mn 
alloy) have a narrow freezing range and are inherently 
more prone to gas porosity in welding than are the 
Al-Mg alloys which have a wide freezing range. 
Furthermore, the freezing rates of weld deposits are 
higher with the Mig than with the Tig process; in 
consequence welds made by the former process tend 
to be more porous than Tig welds. However, with the 
Mig process, sound welds can be made in the Al-Mg 
alloys which show only isolated patches of porosity. 
After consideration and examination of a number of 
radiographs of welds it was decided that continuous 
random porosity can be avoided in these materials 
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1—Diagram simulating radiograph with maximum porosity con- 
sidered acceptable for weld in Class I aluminium pressure vessel 


and that porosity should be limited to 10% of the 
seam length to represent good welding practice. This 
allows for any process variations in welding which 
tend to produce porosity. Increased porosity at stops 
and starts, including repair welding, is catered for as 
additional allowable groups of pores. The reduction 
in volume attributable to the porosity allowed is less 
than 0-:5%, i.e., below that at which a significant 
reduction occurs in the mechanical properties of the 
welded seam.? 

With the various grades of Al and the Al-Mn alloy 
it is not realistic to demand the foregoing standard 
except possibly in the case of thin plate welded by the 
Tig process. Continuous random porosity in the range 
noted is therefore allowed over the whole of the seam 
in these materials. 

A radiographic acceptance standard of the type 
given in the Specification is difficult to apply in prac- 
tice and it has been concluded that the best way of 
assessing the standard of a given weld would be to 
provide the inspector with a set of standard radio- 
graphs which show the allowable limits of porosity. 
These radiographs can be used directly for comparison 
with the radiograph under examination. Such stand- 
ard radiographs can be produced cheaply and rapidly 
by painting a clear master radiograph and making a 
positive from this. A typical reproduction made by 
this technique is shown in Fig.1. It is intended to pro- 
duce sets of these radiographs for use by the Company 
Inspectorate and by the contractor, if so desired. 


REFERENCES 
1. E. H. Dix, W. A. ANDERSON, M. BYRON SCHUMAKER: 
Corrosion, 1959, vol. 15, pp. 19-26. 
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APPENDIX 
Relevant Sections of Specification 


PART I—DESIGN 
1. Design Code 


Vessels to this Specification shall be designed in accord- 
ance with BS.1500, Pt.1 “Fusion Welded Pressure Vessels 
for Use in the Chemical, Petroleum and Allied Industries” 
with the exceptions noted in Clauses 2-9 and as indicated 
in the Company’s enquiry and order. 


2. Maximum Allowable Design Stresses 


(a) Plates and other Wrought Material (excluding bolts) in 
Tension 

The design stress for plates or other wrought material 
(excluding bolts) in tension shall not exceed the values 
given in Table 1 of this Specification for the material(s) 
specified on the Company’s order for the fabrication of the 
vessel (See also Part II, Clause I). 

The design stresses shall be substituted for fxJ in 
equations (3) to (6) on page 29 of BS.1500 to determine the 
value ¢, when this value is required for substitution in 
Equations (24) to (26) on page 57. 

(b) Butt Welds in Tension 

The allowable design stress for butt welds in tension 
shall not exceed the values given in Table 2 of this Specifi- 
cation for the materials to be used in the fabrication of the 
vessels. 

These design stresses shall be substituted for fx J in the 
following formulae of BS.1500: 

Equations (3) to (6) (page 29), (15) and (16) (page 36) 
and (18) and (19) (page 42). 

(c) Butt Welds in Compression, External Pressure 

The maximum allowable stress in compression in 
wrought material or butt welds shall not exceed ? of the 
values given in Tables 1 and 2 for the particular material 
to be used. 


For vessels subject to external pressure the design re- 
quirements should be those given in Section VIII of the . 
“ASME Boiler & Pressure Vessel Code” 1959, Clauses 
UNF-23, UNF-30, UNF-33, and the charts given in 
Appendix V of this Code. The out-of-roundness tolerances 
in Clause UG-80 of this Code shall also apply to such 
vessels (See Pt.IV, Clause 13). 

(d) Bolting Materials 

For internal bolted fittings on vessels intended for duties 
which do not permit the use of chromium-nickel austenitic 
bolts, the bolting material shall be N4 or N6 according to 
the operating temperature of the vessel. The design stresses 
for these are given in Table 3. 

(e) Young’s Modulus 

Values of E for aluminium and its alloys over the tem- 

perature range 0°C. to 200°C. are given in Table 4. 


3. Weld Details 

The dimensions of all welding grooves and the finished 
welds shall conform to D.O. Standard Sheets XXX except 
where otherwise agreed in writing. All welds shall be 
separately detailed and fully dimensioned on the approved 
drawing. 


4. Openings, Branches and Compensation (See Section 

Three J. BS.1500 pages 57-70) 

Where branches of the type shown in Fig. 32.0 of BS. 1500 
are to be fabricated from a separate plate for subsequent 
butt welding into the vessel shell, the plate shall be as large 
as is practical and the butt welds shall be inspected, radio- 
graphed and approved. The butt weld between the swaged- 
out branch and the attached pipe or weld neck flange, 
should be radiographed whatever the method of producing 
the branch (See Pt. IV, Clause 5 (b)). 


Table 1 


Aluminium and Aluminium Alloys 
Maximum allowable design stresses in tension (Ib/sq.in.) for plates and other wrought material (excluding bolts) 





Alloy 
Designation Description of Alloy Temper 
1 99-99% aluminium Oo 
4H 
H 
1A 99-8°% aluminium O&M 
4H 
H 
1B 99-5°% aluminium O&M 
4H 
IC 99-0% aluminium O&M 
N3 14° manganese alloy 


PEEP rEErOrees 


N4 24°% magnesium alloy O&M 
N5 34°% magnesium alloy O&M 
N5/6 4% magnesium alloy O&M 


_ Design Stresses for Temperatures not Exceeding: 
100° 175°C. 


0°C. 150°C. 200°C. 
1490 The Division Metallurgical Authority should be 
2800 consulted for design stresses in this temperature range 
3620 

1730 1500 1200 1000 800 
3350 2500 2000 1000 800 
4470 3500 2000 Not recommended 
1930 1790 1250 1200 1050 
3620 2900 2350 2000 1600 
4750 4000 3750 Not recommended 
2660 2300 1850 1600 1300 
3350 3150 2650 2400 2100 
3900 3650 3000 2700 2200 
4470 4000 3600 Not recommended 
5000 4500 4250 Not recommended 
4000 2900 2400 2100 1800 
4200 3800 3300 3000 2650 
5020 4700 4000 3500 3100 
5870 5200 4800 4200 3600" 
6420 5800 5600 5000 4150 
6150 6100 5400 4650 3900 
7270 7200 6400 5600 4800 
8400 8400 6900 6100 5300 
7820 These high magnesium alloys are not recommended for 
9500 use in this temperature range 
9500 





1000 Ib/sq.in. 


70 kg/sq.cm (approx.) 
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Butt welds between the following parts shall also be 
radiographed: 


Weld neck flange to vessel 

Weld neck flange to branch pipe 
Weld neck flange to swaged branch 
Branch pipe to swaged branch. 


5. Bolted Flanged Connections 


These shall be designed in accordance with the standards 
specified in the Company’s order and/or drawing. 


6. Jacketed Vessels 


(a) Jacket Attachment 

The details of jacket attachments shall be agreed with 
the Ordering Authority. 
(b) Sequence of Fabrication 

This shall be determined by consultation between the 
Ordering Authority and Contractor. The approved draw- 
ings shall indicate the order of procedure in every case 
where it is necessary for the steps in the manufacture to be 
performed in a certain sequence. This shall include: 


(i) The stages at which inspection is required (See Pt. IV, 
Clause 1) 
(ii) The stages at which pressure tests are to be applied 
(iii) Any deviations from the requirements of this Specifitation. 


7. Stress Relief 


Heat treatment, for stress relief, is not required for 
vessels fabricated in accordance with the requirements of 
this Specification. 


8. Domed Ends 


The shapes and dimensions given in BS.1966, ““‘Domed 
Ends for Tanks and Pressure Vessels’’ shall apply. 


Table 4 


Aluminium and Aluminium Alloys 
Moduli of Elasticity 


(Modulus of elasticity = E x 10® Ib/sq.in. (kg/sq.cm)) 





E for Temperature not exceeding: 
40°C. 100°C. 150°C. ive <. 200°C. 


10-6 (0-745) 10-4 (0-731) 10-2(0-717) 10-0(0-703) 9-7 (0-682) 





9. Support During Hydraulic Test 

Unless otherwise specified in the Company’s order, the 
vessel shall be designed so as to permit the hydraulic test 
pressure to be applied with the vessel full of water in the 
erected position. 


PART IV—INSPECTION AND TESTS 


1. Inspection 

The Company’s Inspecting Engineer or other authorised 
representative shall have free access to the Works of the 
Contractor and Sub-Contractors at all reasonable times. 
He shall be at liberty to inspect the manufacture at any 
stage, and to reject any material that does not conform to 
the terms of this Specification. Rejected material will not 
be accepted or paid for by the Company. 

The Company reserves the right to make a careful 
examination by either visual or other means at any suitable 
stage of the work. Parts showing evidence of bad pick-up, 
tungsten or copper inclusions, porosity or other detri- 
mental features shall, on the instructions of the Company’s 
Inspecting Engineer, be cut out and re-welded. 

In all cases, inspection will be carried out at the following 





Table 2 


Aluminium and Aluminium Alloys 
Maximum allowable design stresses (Ib/sq.in.) for butt welds in tension 





Alloy Design Stresses for Temperatures not Exceeding: 
Designation Description of Alloy 40°C. 100°C. 150°C. ia '&. 200°C. 
1 99-99% aluminium 1420 The Division Metallurgical Authority should be consulted for 
design stresses in this temperature range. 
1A 99-8 % aluminium 1640 1420 1140 950 760 
1B 99-5% aluminium 1830 1700 1190 1140 1000 
1C 99-0% aluminium 2520 2180 1760 1520 1230 
N3 1}% manganese alloy 3800 2760 2280 2000 1710 
N4 2% magnesium alloy 5840 5790 5130 4420 3700 
NS 34° magnesium alloy 7430 These high magnesium alloys are not recommended for use in 
NS5/6 4% magnesium alloy 9000 this temperature range. 





1000 Ib/sq.in.=70 kg/sq.cm (approx.) 
Note: These design stresses for butt welds apply irrespective of temper of parent plate. 


Table 3 


Aluminium and Aluminium Alloys 
Maximum allowable design stresses for bolts for aluminium alloy bolts for internal fittings 








Minimum Minimum 
Ultimate 0-1% Proof 
Stress Stress 
Alloy Ib/sq.in. Ib/sq.in. Design Stresses for Temperatures not Exceeding: 
Designation Temper (kg/sq.cm) (kg/sq.cm) 40°C. 100°C. 150°C. NIFC. 200°C. 
N4 4H 33600 26800 6700 6700 6700 6100 5300 
(2370) (1885) (470) (470) (470) (430) (373) 
N6 }H 42500 31300 7825 This high magnesium alloy is not recommended for 
(3000) (2200) (550) use in this temperature range. 
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1.C.1. REFERENCE 1.C.1. REFERENCE 
SECTION NUMBER SECTION NUMBER 
MI.G. WELD DETAILS 
BUTT WELDS IN PLATES OF EQUAL THICKNESS 
FOR PLATES UP TO |’2" THICK PAGE OF 
DIV. REF. DRG. 1.C.1. REF. DRG. ISSUE No. 
SPECN :- aia 








GENERAL REFERENCES 








PLATE THICKNESS OVER 
-080" UP TO ie’ 


Vie'MAX. _ ___ SLIGHT BEVEL For 
———_____ \UIDANCE IN WELDING 


SINGLE SIDE WELD WITH BACKING BAR (FINE WIRE 
EQUIPMENT ONLY SHOULD BE USED ON THIS RANGE OF THK.) 





PLATE THICKNESS OVER 


3/\ie' UP TO V4" 








SINGLE SIDE WELD WITH BACKING BAR OR WELD FROM 
GROOVE SIDE, BACK CHIP AND SEAL WELD ROOT. 





PLATE THICKNESS OVER 
“V4 uP TO 3/g" 


bd ve 
2th 


XE 
1 heli Sh Vie” MAX. 

SINGLE SIDE WELD WITH BACKING BAR OR WELD FROM 

GROOVE SIDE, BACK CHIP AND SEAL WELD ROOT. 


*s 











PLATE THICKNESS OVER 
Ya" uP To 3/4" 


yo 
et 22 inn scet2'h 
” =z 
He RAD. > 
C) 








Ne ie” MAX. MIN Lig" MAX. 


SINGLE SIDE WELD WITH BACKING REVERSE SIDE CHIPPED OUT 
BAR OR WELD FROM GROOVE SIDE, TO SOUND METAL BEFORE 
BACK CHIP AND SEAL WELD ROOT. WELDING. 





PLATE THICKNESS OVER 
¥4" up To I'/2" 




















+ ¥. 4 2 ‘Le 
25°-2 2 re 5 +24 , 
Yera. 32 Yie RAD 
A ~ 
{ I 
t _ " pas ” MAX 
30° 
REVERSE SIDE CHIPPED OUT TO REVERSE SIDE CHIPPED OUT 


SOUND METAL BEFORE WELDING. SOUND METAL BEFORE WELDING 





Typical Standard Sheet for Mig butt weld details in aluminium 
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1.C.1. REFERENCE 
i... a T.1.G WELD DETAILS 
SECTION NUMBER SECTION NUMBER 
FOR ALUMINIUM & ALUMINIUM ALLOY VESSELS, PIPES 
& FLANGES. 
BUTT WELDS IN PLATES OF EQUAL THICKNESS 
FOR PLATES uP TO |/2" THICK. PAGE OF 
DIV. REF. DRG. 1.C.1. REF. ORG. ISSUE No. 
SPECN :- ane 
GENERAL REFERENCES 














PLATE THICKNESS 
UP To '/s" 


ove MAX 


SINGLE SIDE WELD WITH BACKING BAR OR WELD FROM BOTH 
SIDES WITHOUT CHIPPING. 





40°t 242° 


"ao 





PLATE THICKNESS OVER 








Y4" up To 72" 


Ve" Vy" 
Ye" UP To ‘V4 j S12 Min R mee Vio” MAX 
SINGLE SIDE WELD WITH BACKING BAR OR WELD FROM 
GROOVE SIDE, BACK CHIP AND SEAL WELD ROOT 
*a 
=f 40°+ 272° 
PLATE THICKNESS OVER + < ea 
= ANAANANY 
f ye! Min a he Vie’ MAX. 





SINGLE SIDE WELD WITH BACKING BAR OR WELD FROM 





PLATE THICKNESS OVER 


3/8" uP To 3/4" 


+ 


a 


ad 


GROOVE SIDE, BACK CHIP AND SEAL WELD ROOT 
as°t 2'h° . 45°t 22° 
& 
+1 


Vie RAD. ~ 






Yio” MAX 





‘ 

Mig Min R 
REVERSE SIDE CHIPPED OUT 
TO SOUND METAL BEFORE 





Vile” MAX. 
SINGLE SIDE WELD WITH 





3/4" up To |'/2" 








BACKING BAR OR WELD FROM 

GROOVE SIDE, BACK CHIP & SEAL WELDING. 

WELD ROOT. 
2+21,° , 

<" Ye’ RAD. 
3 
PLATE THICKNESS OVER ro) 
w + 

2 S 
wl ~¢ } 




















i 
3h6 Mu R KG : Ss fear 


REVERSE SIDE CHIPPED OUT TO SOUND METAL BEFORE WELDING 








Typical Standard Sheet for Tig butt weld details in aluminium 
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stages of manufacture and the contractor shall give ade- 
quate notice when such stages are reached. 


(i) After edge preparation when the shell plates are bent to 
circular form 

(ii) When the domed ends are formed prior to attachment to 
the shell (See Part III, Clause 5) 

(iii) When welding at the outside of any main seams has been 
completed and the ‘second side’ has been prepared for 
welding 

(iv) When the surfaces of the butt welds are to be approved 
and the welds marked preparatory to radiographic ex- 
amination (See Clause 5a) 

(v) When the test plate attached to a longitudinal welded 
seam is ready for stamping for the identification of the 
individual test pieces prior to sub-division 

(vi) When the openings have been prepared for branches, etc., 
and the parts assembled ready for welding 

(vii) When the fabrication of the vessel is completed to check 
dimensional tolerances, circularity, etc. 

(viii) When the pressure test is carried out 

(ix) When the vessel has been dried out after the pressure test, 
the covers and blank mild steel discs fitted, and the vessel 
is ready for despatch 

(x) Where it is indicated on the Company’s drawing or order 
that additional inspections are required. 


2. Testing Facilities 

The Contractor shall supply free of charge the labour 
and appliances for such testing as may be carried out in 
accordance with the Specification. 

The Contractor shall keep a record of all tests made as 
required by this Specification and shall forward copies to 
the Ordering Authority. 


3. Provision of Test Plates Representing Welded Seams 


(a) Provision of Welded Test Plates 

(i) One test plate shall be provided at each end of each 
longitudinal seam above 6 ft (1°83 m) in length. For a 
longitudinal seam up to 6 ft 0 in. long, the set of test 
specimens shown in Fig.1* may be taken from a single test 
plate of sufficient length attached at one end of the seam. 

Where the vessel is formed of several courses, the longi- 
tudinal seams in these courses shall for this purpose be 
regarded as one seam, provided that the courses are lined 
up for welding so that the total length of seam is welded 
in one continuous operation in each case. 

(ii) The length of weld in the test plate shall be sufficient 
to provide material for tests required (Clause 35), together 
with any re-tests which may be necessary (Clause 4d) and 
suitable allowances for discards and cutting (See Fig. 1). 

(iii) The material used for the test plates shall be the 
same as that specified for the shell plates of the vessel and 
shall be of the same thickness as the shell plates represented. 

The test plates shall be made of the following widths 
(See Fig. 1): 


Minimum width of 


Thickness of vessel shell plate, in. each plate, in. 


Up to and including } (6 mm) 6 (15 cm) 
Over } up to and including $ (12 mm) 9 (23 cm) 
Over 4 up to and including | (25 mm) 12 (30 cm) 
Over | up to and including 2 (SO mm) 18 (46 cm) 


(iv) The test plates shall be securely attached at the end 
of the seam to be welded and shall be suitably clamped or 
reinforced to prevent excessive distortion or warping (See 
BS.1500:1958, Part 1, Fig. 56). The weld in the test plate 
shall be made as an extension to the main seam weld, at 
the same time and with the same procedure as the main 
seam. 

(v) Where there are circumferential seams only or where 
the method of welding the circumferential seams differs 





*Figures for specification not included. 
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from that employed for the longitudinal seams, the method 
of providing the length of weld for test shall be agreed in 
writing between the Ordering Authority and the Contractor. 

(vi) Where the surface of the weld is smooth and the 
reinforcement of suitable shape for radiography (See 
Clause 5) no dressing of the weld is required. If the weld 
reinforcement is of unsuitable shape or the weld surface - 
uneven the weld in the test plate shall be dressed smooth 
(See Clause 5 and Part III Clause 9(i)). 

(vii) Any straightening of a test plate that has warped 
during welding shall be carried out cold. 

(viii) The test plate shall be subjected to radiographic 
examination in the same way as the main seams. The 
position of the individual test pieces required for the tests 
given in Clause 4 shall be selected and marked by the 
Company’s Inspecting Engineer following his examination 
of the radiographs of the test plate. These positions shall 
be selected so as to avoid areas including flaws which would, 
in the main seams, normally require repairs. 

Repairs of welds in test plates are not permitted unless 
agreement has been obtained from the Ordering Authority. 
(6) Details of Test Specimens 

Specimens are required for the following and shall be 
machined from the test plate provided: 


One transverse tensile test (See Clause 4a) 
One side bend test (See Clause 45) 
Macro-examinations (See Clause 4c). 


4. Mechanical Test on Welded Plates 
(a) Transverse Tensile Test 

One transverse tensile test piece shall be prepared from 
the test plate; the dimensions of the specimen shall be in 
accordance with those shown in Fig. 2. 

The weld in the test specimen shall be dressed smooth 
and flush with, but not below, the surface of the parent 
plate. 

For materials up to and including N3, in Table 1 of 
Part II, the ultimate tensile strength shall be not less than 
the specified minimum U.T.S. in BS.1477 for the relevant 
material in the annealed condition. For N4, NS and N5/6 
material the acceptable U.T.S. for the weld shall be: 


N4 —11-5 tons/sq.in. (1810 kg/sq.cm) 
N5 —13-5 tons/sq.in. (2125 kg/sq.cm) 
N5/6—16 tons/sq.in. (2520 kg/sq.cm). 


(b) Side Bend Tests 

One bend test specimen shall be cut transversely to the 
welded seam; the dimensions of this specimen shall be in 
accordance with those given in Fig. 3. 

The weld shall be machined flush with, but not below, 
the surface of the parent material. 

The diameter of the former round which the test speci- 
mens shall be bent shall not be more than 3 x width of the 
specimen for materials up to and including N3 in Table 3 
of Part II, and 6 x width of specimen for N4, N5 and N5/6 
materials and the test is to be continued until the two limbs 
are parallel. 

On completion of the test no cracks or defects at the 
outer surface of the specimen shall be greater than 1/16th 
(14 mm) measured across the specimen or 1/8th (3 mm) 
measured along the length of the specimen. The depth of 
any such defects shall not exceed 1/8 in. 

(c) Macro-Examination 

A specimen of the full section of the weld and covering 
a distance of 1 in. (25 mm) on each side of the weld shall 
be taken from each welded test plate for examination by 
the Company’s Inspecting Engineer. 

The Company reserve the right to etch and examine any 
other parts of the welded test plate, including the specimens 
removed for mechanical test, in order to ensure that the 
weld metal is free from contamination or that any con- 
tamination found in the test plate is local and is unlikely 














SMITH: SPECIFICATION FOR WELDING ALUMINIUM 


to be present in the welded seam or seams of the vessel 
itself. 
(d) Re-tests 

If any test fails to meet the above requirements, two 
re-tests of the same type as that which failed shall be taken 
from the same test plate and both of these shall comply 
with the above requirements. If one or both of these re- 
tests fail to comply with requirements, the Company 
reserve the right to reject the vessel represented by these 
tests or, alternatively at their discretion, to require com- 
plete rewelding of all the seams represented by such tests. 

If required, test specimens after test shall be submitted 
for examination to the Division or Department of the 
Company which has issued the relevant order. 


5. Radiography 


(a) The surfaces and contour of the butt welded seams shall 
be examined by the Company’s Inspecting Engineer for 
suitability for radiographic examination. Where the sur- 
faces of the as-deposited butt welds are of unsuitable 
contour, or the reinforcement does not conform to Part 
III, Clause 9(i), the welds shall, on the instructions of the 
Company’s Inspecting Engineer, be dressed by machining 
chipping or grinding. Grinding wheels used for this purpose 
shall be suitable for use with aluminium and shall not have 
been used on other metals or for other duties. 

(b) X-ray radiographs shall be taken of the entire length 
of each butt welded seam both longitudinal and circum- 
ferential together with the seams in the corresponding test 
plates. Butt welds between the following parts shall also 
be radiographed: 


(i) Branches of the type shown in Fig. 32.0 of BS.1500, 
to the shell : 
(ii) Weld neck flange to branch pipe 
(iii) Weld neck flange to swaged-out branch 
(iv) Branch pipe to swaged-out branch. 


The radiographic technique shall be sufficiently sensitive 
to reveal a difference in metal thickness equal to 2% of the 
plate thickness, the sensitivity to be determined by the use 
of a penetrameter of the DIN-AL series placed on the 
weld. The density of that portion of the radiograph corre- 
sponding with the parent plate adjacent to the weld shall be 
not less than 2-0. 

Radiographs shall be identified as specified in BS.1500: 
1958, Part I, Section five (See Clause 3). 

Any radiograph which fails to meet the requirements of 
the Company as regards radiographic quality shall be 
rejected and the length of welded seam represented by this 
radiograph shall again be radiographed. 

The Contractor shall preserve full data concerning the 

radiographic technique and make this information avail- 
able to the Company on request. 
(c) All radiographs shall be submitted to the Company’s 
Inspecting Engineer for examination in conjunction with 
his examination of the welded seam represented, no weld- 
ing repairs having been carried out. 

Radiographs shall show complete freedom from any of 
the following defects at any thickness of vessel plate: 


(i) Cracks 
(ii) Lack of fusion 
(iii), Lack of penetration 
(iv). Aligned porosity 
(v) Tungsten inclusions greater than 10% in dia. of the thick- 
ness of material (with a maximum diameter of + in. 
, (1b mm) 7 
(vi) Oxide films greater than } in. (3 mm) in length 
(vii) Porosity of pore size greater than 7 in. dia. 


Tungsten inclusions 
(a) Isolated inclusions up to 7 in. dia. or 10% of the plate 
thickness, whichever is less, are not cause for rejection, 
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provided that no two such particles are less than 1 in. 
apart and that there are not more than two in any 1 ft 
(30 cm) length of weld. 
(5) Colonies of tungsten inclusions are not cause for 
rejection provided that: 


(i) The particle size does not exceed 4 in. diameter 
(ii) The area bounded by the inclusions does not exceed $ in. 
diameter 
(iii) The number of particles does not exceed five 
(iv) No two colonies are less than 2 in. apart 
(v) There are not more than two colonies in any 2 ft (60 cm) 
length of weld. 


Oxide Films 

Oxide films shall not be cause for rejection provided that 
they are randomly distributed, do not exceed } in. in 
length, are at no time closer together than 2 in. and there 
are not more than two in any 2 ft length of weld. 
Porosity 

(a) The radiographs must indicate that the Contractor is 
consistently producing weld metal of the highest quality 
that can be achieved by first-class shop practice. Seams 
should, therefore, be substantially free from porosity, e.g., 
as in those shown in B.W.R.A. booklet H3/58, ‘‘Classified 
Radiographs for Defects in Aluminium Welds’’, Figs. 2, 3, 
5, 6 and 14. (Only porosity under consideration.) 

(b) Provided that such overall high standard is achieved, 
porosity is acceptable in N4, N5 and N5/6 on the following 
basis in isolated 3 in. (76 mm) lengths of seam provided 
that the aggregate of such 3 in. lengths does not exceed 
10% of the total length of the seam. For the various grades 
of aluminium (Alloy 1, 1A, 1B, and 1C) and N3 these 
acceptable porosity levels apply over the whole of the 
welded seam. 


Maximum permissible frequency (per 3 in. length) of approxi- 
mately spherical gas porosity in sheet and plate up to 0-75 in. thick. 





Sheet and Plate Thickness, in. 


Pore Size 0-2-0°3 = 0:3-0°5 = 0°5-0°75 

Fine gas pores less than 

dy in. dia. 12 18 24 
or Medium size gas pores 

ay—%& in. dia. 6 8 10 
or Large size gas pores 

&—% in. dia. — 4 4 

Mixed pores 15 22 30 





It is realised that isolated groups of porosity cannot be 
altogether eliminated at ‘stops’ and ‘starts’, especially when 
the Mig process is used, and that attempts to make good 
such defects by repair welding may, in fact, introduce more 
serious defects. 

(c) Within the 10% aggregate length described, groups 
of pores are also acceptabie in material over 0-3 in. thick 
provided that: Each group contains not more than five 
pores in an area not more than } in. dia.; the groups are 
not less than 2 ft apart; and the pore size does not exceed 
3y in. dia. for material 0-3-0-5 in. thick and & in. dia. for 
material over 0-5 in. thick (e.g., faults as gross as B.W.R.A. 
Booklet H3/58, Fig. 19, are avoidable). 

(d) Portions of welded seams not conforming to these 
requirements shall be cut out and rewelded using a welding 
technique which complies with the requirements of this 
Specification. 

(e) On completion of repairs the rewelded portions shall 
again be radiographed by the techniques previously 
specified. The lead characters placed alongside each length 
of weld for identification purposes shall include the mark 
R.1 to indicate that repair welding has been carried out in 
the lengths of welded joint represented by the radiographs. 

Any subsequent rapairs shall be identified by marks 
R.2, R.3. ...... indicating second, third, etc. repairs. 
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Development of Mig Welding 


Techniques for Aluminium 


This paper reviews the development of inert-gas metal-arc welding 


By J. E: Tomlinson, B.SC., A.1.M., 
and D. Slater, B.SC. 


equipment, practice and standards as applied to aluminium. Emphasis 
is laid on the fundamentals on which present techniques are based and 
attention is drawn to the value of scrupulous and thoughtful attention 


to a number of practical details. 


Development of Equipment 


arc is maintained between a mechanically fed con- 

sumable aluminium wire and the work, the weld 
area being shielded by a stream of inert-gas issuing 
from a nozzle surrounding the wire. In the early days 
of this process use was made of existing types of power 
sources, and many of the operational difficulties 
experienced, such as burn-backs and the tedious 
balancing of two or more controls when changing 
currents, can be attributed to their unsuitable charac- 
teristics. Today it is recognised that by the combina- 
tion of particular electrode feed systems and power 
sources, ‘single-knob’ control of welding current is 


I’ THE Mig process as applied to aluminium, a d.c. 
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1—Typical power source and arc characteristics 


possible over a wide range without causing marked 
alteration in arc length.’ Additionally, rapid self- 
adjustment of the arc is possible to combat variations 
in the distance between the welding gun and the work. 

Currently two combinations of feed system and 
power source are used. In the self-adjusting arc system 
the current is selected by the setting of the wire feed 
speed, and the power source must automatically 
supply the appropriate current at a pre-selected arc 
voitage (arc length). From the introduction of this 
process, manual Mig welding equipment for work on 
material over } in. (3 mm) thick has almost invariably 
incorporated a wire feed arrangement appropriate to 
the self-adjusting arc system, and today almost all 
mechanised units also use this arrangement. The best 
type of power source can be determined from a con- 
sideration of arc characteristics. Each composition of 
electrode wire gives a characteristic linear rise of arc 
voltage with increasing current for an arc of constant 
length. Such characteristics for #4 in. (14 mm) dia. 
Al-5% Mg alloy wire in argon are plotted in Fig. 1, 
WW’ being that for the typical visible arc length of 
fs in. (8 mm). If the current/voltage output character- 
istic of the power source is identical to WW’, any 
change in the wire feed speed will be accompanied by 
a change in the current output of the power source and 
a small change in the voltage of output such that the 
arc length remains unchanged. This degree of con- 
stancy is approached with the variable-slope power 
sources which are available today and which have up 
to 5 slopes selected by switching. So called ‘flat- 
characteristic’ sources usually show a drop of I- 
2 volts per 100 amp welding current: represented by 
the line FF’ in Fig. 1. With such a source, a change in 
wire feed speed to produce a current change from 240 
to 260 amp causes a drop in arc voltage corresponding 
to a decrease in the arc length of less than 4 in. Such 
a change is usually insignificant, and power sources of 
this type have, for some years, allowed ‘single-knob’ 
variations of welding current over wide ranges without 
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the need for alteration of the output voltage. Power 
sources of the constant current (“drooping character- 
istic’) type, such as were commonly employed in the 
early days, do not allow single control of welding 
conditions for, as the characteristic DD’ in Fig. 1 
indicates, a change in wire feed speed to produce a 
change in current from 240 to 260 amp produces a 
decrease in the arc length of over } in. (64 mm), so 
that the arc will stub out. For this change in current to 
be made and a reasonable arc length maintained, 
alteration of both the wire feed speed and the power 
source controls is necessary. Recent British practice 
has favoured almost exclusively rectifiers of the flat 
characteristic type for use with self-adjusting arc 
systems. Some early models had the disadvantage that 
the open-circuit voltage (arc voltage) could not be 
altered under load, and a valued feature of con- 
temporary sources is stepless control of voltage under 
load, preferably over the range 15-40 V. 

In the alternative controlled-arc system the wire 
feed rate is made to depend on the arc voltage (arc 
length) that is pre-selected, and the power source 
should give little change in current with change in arc 
voltage; i.e., it should have a ‘drooping character- 
istic’. Most early mechanised equipment worked on 
this system. The Aircomatic Model C monitored the 
arc voltage, and the wire feed speed was varied 
appropriately by two motors, one a.c. operated and 
the other d.c. operated, acting through a differential, 
whereas the Sigma SWM.3 unit incorporated elec- 
tronic control of the feed motor. A disadvantage of 
this system was the uncertainty, within certain ranges 
of operating conditions, of starting the arc because of 
the relatively low short-circuit current available from 
‘drooping characteristic’ power sources. The con- 
trolled-arc system has recently reappeared in neater 
form in certain of the equipments produced for the 
welding of thin sheet, in which the feed motor is 
incorporated in the welding gun. In these units the 
wire feed rate is made to depend on the pre-selected 
arc voltage by driving the feed motor with a voltage 
proportional! to that of the arc. Single-knob control of 
welding current is then obtained simply through 
variation of the current output of the power source. 
Rectifiers have been widely used with controlled-arc 
systems. Conventional ‘drooping characteristic’ motor 
generators have found less favour because of high 
noise and idling currents, change in output with 
running time and, possibly, inferior transient be- 
haviour. However, a lightweight ‘drooping character- 
istic’ motor generator is proving to be a suitable, 
inexpensive source for the new guns for the welding of 
thin sheet, and which work on the controlled-arc 
system. 

Manual welding equipments are either of the ‘fine 
wire’ type, feeding wires from 0-030 in. to #4 in. (0-8- 
1-6 mm), in which the wire reel and drive are built into 
the gun, or the conventional type, feeding wires from 
é in. to % in. (1-2-2-4 mm) dia., in which the wire 
reel and drive are remote from the gun. The former 
are used on sheet metal work up to 4— in. (3-5 mm) 
thick and for tacking large structures in thicker 
material. The conventional equipment is used for all 
other work on material } in. thick and over. Important 
features of welding guns are the reliability and 
smoothness of the wire feed, the prevention of over- 
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run of the wire when the trigger switch is released and, 
for guns with wire reels attached, the protection 
afforded to the reel against spatter. The weight of 
manual welding guns is a consideration but good 
balance is perhaps of even greater importance. In view 
of the higher cost of wire when wound on | Ib (4 kg) 
reels, guns taking such reels are not used when the 
work can be done equally well by the heavier duty 
equipment with 10 Ib (44 kg) reels mounted on the 
control boxes, and nowadays considerable use is made 
of 30 Ib (134 kg) reels of wire on automatic equipment. 
Water cooling of welding guns is an encumbrance 
and unnecessary in all but the heaviest manual work. 
If water cooling has to be employed, a closed circuit 
system obviates long water hoses and has the ad- 
vantage in cold climates that anti-freeze can be added. 
Portable controls of wire speed or current are useful 
in applications where the power sources are a con- 
siderable distance from the position of welding, and 
one gun has the advantage of dn integral wire feed 
speed control. With reference to both manual and 
mechanised welding units, argon relays are often 
preferred to be in the control boxes rather than in the 
power sources so as to avoid excessive lengths of 
argon hose liable to air contamination. Provision for 
the purging of the argon system is also of value. 

Over the past eight years, great advances have been 
made in the design of mechanised welding units for 
aluminium. Some have lightweight welding heads 
which may be very accurately positioned and are par- 
ticularly suitable for a fixed installation under which 
relatively thin components are traversed or rotated. 
Others, of more rugged construction, are designed to 
be moved over the work either singly on a tractor 
(Fig. 2) or in pairs on a gantry (Fig. 3). The unit 
shown in Fig. 2 is interesting not only because it is 
self-guiding for fillet and some butt welding, but also 
because the welding head has a rise and fall motion 
which allows the welding of cambered panels. Desir- 
able features of mechanised welding units are a rapid 





2—Prototype Q.A. self-guiding tractor-mounted Mig welding 
equipment 


means of roughly aligning the welding head, a drive 
motor as close to and as nearly in line with the welding 
head as possible, a barrel in the welding head giving 
the least turbulence in the argon stream, and a gas 
nozzle of good design and of a diameter appropriate to 
the width of weld being made. 
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3—General view of one of the two Q.A. Sigma-welding gantries at work on atuminium bulkhead sections 
for ‘Canberra’ super-structure 


Material Preparation 
Forming 

Few problems arise in the manipulation of alumin- 
ium and its alloys into shapes suitable for joining by 
welding provided that the fundamental principles 
governing the mechanical response of the alloys are 
thoroughly understood. Pure aluminium, although low 
in strength, possesses remarkably good ductility and 
can be formed by almost any method, including the 
most crude such as hammering and levering, with very 
little effect upon behaviour during welding. The 
increased strength of both the non-heat-treatable and 
heat-treatable alloys is gained at the expense of some 
of this ductility, and so they require more careful 
choice of forming method and must be formed over 
more generous radii. Hammering, levering, local 
bending, and such methods often give rise to excessive 
local deformation. This is particularly the case in 
hammering, where the surface is worked up to a much 
greater degree than the interior of the metal. Hence, 
even if the necessary force is available to form the 
harder alloys by hammering, there is a risk of the 
production of micro-fissures or incipient cracks where 
excessive local deformation is carried out. On the 
other hand, press-forming with accurately prepared 
tools helps to ensure that local over-straining is 
avoided. Forming operations give rise to residual 
stresses which tend to increase as the strength of the 
material increases. The stresses are relieved locally by 
the heat of welding and may introduce distortion 
which will be largely uncontrollable if a non-uniform 
method of forming, such as hammering, has been 
employed. 

When dealing with the hot-short alloys, the magni- 
tude of the cracking problem is primarily a function 
of the degree of restraint about a particular joint and 
is therefore a function of the stresses applied during 


(Courtesy Harland & Wolff Ltd. and B.O.C. Ltd.) 


cooling through the critical range. In such cases 
residual stresses inducing distortion may have a 
marked effect upon weldability and it may become 
desirable to anneal components which have been 
heavily worked where welding is to be carried out in 
the vicinity of the worked zones. 


Edge preparation and cleaning—oxide removal 

Whilst it has long since been shown that the funda- 
mental problem in fusion welding aluminium is the 
removal of the tenacious superficial oxide film, it has 
taken time for the practical implications to be fully 
appreciated. 

The need for thorough oxide removal, principally 
before welding but also between runs in multi-pass 
welding, can be summarised by considering the 
following factors: 


(a) The presence of an oxide film on the surface of the joint 
will prevent fusion of the parts to be joined. This arises 
because aluminium oxide is refractory and remains as a 
solid film even though the underlying parent material is 
molten 

(b) The naturally occurring oxide film is invariably hydrated 
and remains so even though preheat of the order of 200- 
300°C. is applied. The hydrated oxide only breaks down 
under the influence of the arc at temperatures in excess of 
about 1200°C. This dehydration releases water vapour 
which in turn dissociates to permit the solution of hydro- 
gen in the molten aluminium. The solubility of hydrogen is 
very much greater in liquid aluminium than in the solid 
metal, and consequently hydrogen expelled as the metal 
freezes may be retained in the form of gas porosity ° 

(c) Oxide film inclusions are likely to result in the weld metal 
where the surface oxide is inadequately removed before 
welding. Such inclusions may occur even where proper 
fusion is achieved. 


The normal course of edge preparation and cleaning 
consists in producing the desired groove shape by 
some mechanical means and then removing surface 
contamination and the naturally occurring oxide film 
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as thoroughly as possible by an appropriate cleaning 
method. It is often found, however, that much of the 
cleaning procedure may be omitted if steps are taken 
to produce the desired groove form without intro- 
ducing surface contamination. 

Reference is made in some publications (e.g., 
BS.3019) to the use of chemical methods for cleaning 
and removal of heavy oxide films, and process speci- 
fications exist in which chemical cleaning of the joint 
edge immediately before welding is mandatory. By a 
proper choice of pickling procedure, degreasing can be 
successfully accomplished together with satisfactory 
oxide film removal. This occurs when caustic soda 
cleaning is carried out but care should be taken to 
ensure that, in the neutralisation treatment which 
usually follows, the strength of the nitric acid solution 
should not be too high, otherwise some thickening of 
the oxide film may occur. Pickling treatments are 
really suitable only for simply shaped components or 
assemblies, for there is grave risk of water or pickling 
solution remaining entrapped in crevices existing in 
complex fabrications during the later stages of con- 
struction. Additionally, practical difficulties often 
limit the transportation of semi-fabricated assemblies 
from shop to shop, and as pickling or any other form 
of cleaning should be done with the minimum time 
elapsing between treatment and welding, some form of 
‘in-process’ cleaning is generally necessary because the 
risk of re-contamination is normally very great in the 
average fabricating shop. There is apparently no 
published information on the relative efficacy of 
chemical and mechanical means of surface preparation 
cleaning but at present the latter are far more widely 
employed. 

Mechanical means of cleaning should be considered 
in conjunction with the mechanical means of edge 
preparation. Provided that a machining method can 
be devised in which lubricant is unnecessary, an edge 
may be prepared suitable for welding without further 
treatment. High speed routing meets the require- 
ments, and conditions can be set up ensuring the pro- 
duction of consistently good surfaces of low specific 
area. Manually operated routing cutters are tending to 
find some favour where chipping would normally be 
applied, but the degree of skill required in their use is 
greater than that required for chipping. Nevertheless, 
completely satisfactory surface preparation has been 
demonstrated by this method. Shaping or planing is 
widely used for edge preparation and properly 
executed it can give satisfactory results. However, for 
the best results lubrication is usually necessary and 
the edges then require degreasing. Grinding has been 
found to have little to commend it as a method of edge 
preparation and where possible it should be avoided. 
The surface produced by grinding consists of an 
extensively disturbed layer in which there is intimately 
mixed a high proportion of broken hydrated oxide 
and contaminating matter from the grinding operation. 
The hydrated oxide is a possible source of hydrogen 
porosity, and wetting of the surface and good fusion 
are likely to be inhibited. Rotary files, routers, and 
similar tools may usually be adapted for use where 
access to the joint is obstructed by adjacent parts. 
Chipping is generally preferred to grinding as a 
method of edge preparation in places not accessible 
for machining. When skilfully executed with chisels 
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in good order a relatively smooth surface may be 
achieved. When badly carried out, however, using blunt, 
poorly shaped chisels, a quite unsatisfactory surface 
may result. Contamination of the surface irregularities 
readily occurs and arc scavenging is made more diffi- 
cult by the presence of asperities. Rough chipping 
followed by final smoothing is to be preferred. 

For the cleaning of surfaces other than those in- 
volved in edge preparation, power scratch brushing is 
the most widely practised method both for mechanised 
welding for quantity production and for the manual 
welding of general engineering and marine structures. 
In work of the highest quality, possibly the best 
method for edge cleaning immediately before welding 
is that using hard steel scrapers. There is a strong 
feeling that in such high class work the job of edge 
cleaning before welding should be the responsibility 
of the welder and, by constructing his own scraping 
tools, and by using a method such as scraping where 
satisfactory execution is clearly demonstrated by 
visual inspection only, a due sense of responsibility 
may be imparted. An additional advantage of such a 
procedure is that the risk of contamination between 
cleaning and welding is very slight, as a welder need 
prepare only such surfaces as he can comfortably weld 
at a given time. This method of cleaning may be 
employed at any stage during fabrication, even on the 
most complex assemblies. 

No matter what cleaning method is employed, there 
is a limiting thickness of oxide film present on the 
work immediately before welding, and it is only that 
inevitably occurring film that should be present for 
removal by arc action. It is established that where 
oxide is encountered that remains solid when the 
underlying metal becomes molten, successful cleaning 
of the surface in the chemical sense can be achieved, 
other than by chemical fluxing, only when the arc is 
used with the work piece negative and the electrode 
positive.* Under these conditions the oxide is partly 
mechanically removed by the bombardment of ions 
from the electrode and partly physically dissociated, 
providing electrons which travel from the work piece 
to the positive electrode, thus contributing to the arc 
current. In the conventional Mig welding of alumin- 
ium, metal is transferred across the arc in the form of 
a fine spray and it is inevitable that a small proportion 
of this spray near the outer fringes of the arc cone 
becomes partly oxidised. This is particularly noticeable 
when using Al—Mg alloy electrode wire. The partly 
oxidised material is deposited all round the arc and 
results in the appearance of a broad band of black 
‘smut’ on either side of the weld bead. Smut deposited 
behind the arc falls on the weld pool and tends to 
coalesce to form an elongated stringer of oxide scum. 
That deposited ahead of the arc is partly consumed by 
arc action and dissociation, while a small amount 
remaining tends to coalesce on the surface of the weld 
pool as this advances, to add to the scum stringers. 
Consequently when Al—Mg alloy electrode wire is 
used, particular attention is paid to the removal of 
heavy oxide films from the welding groove, for 
removal by arc action is limited through the deposition 
of smut ahead of the arc. 

It is easy to visualise an arc running at a given 
current possessing a certain oxide scavenging power 
and it follows that any reduction in total surface which 
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the arc is required to clean will be advantageous. 
Smooth surfaces, such as those produced by high- 
speed routing, will give less risk of the inclusion of 
oxide and of poor fusion than dragged surfaces pro- 
duced by rough machining. The high specific surface 
produced by excessively heavy scratch brushing is a 
less widely appreciated source of trouble. 

It will be appreciated that, in high quality work, the 
execution of specific cleaning procedures will account 
for a significant part of the cost of fabrication. In the 
interest of economy it is necessary to ensure that, 
although cleaning should be scrupulously carried out 
where required, unnecessary cleaning should be 
avoided. It is a common sight to see broad -bands of 
metal on either side of the weld joint laboriously 
cleaned by wire brushing, scraping, or chemical 
means. The treatment of these broad bands in no way 
influences the ultimate quality of the welded joint and 
it is quite unnecessary to clean more than about } in. 
(3 mm) beyond the expected limit of the weld. In 
practice it is difficult to be as precise as this and it is 
reasonable" to specify for cleaning a band }-#% in. 
(64-94 mm) wide measured from the edge of the 
groove in addition to the groove faces themselves if 
they have become contaminated since preparation. 
Whilst the whole of the cleaned area should be treated 
to a high standard it is found that particular attention 
must be paid to abutting root faces, for they are often 
unexposed to the action of the arc. Any oxide present 
on these surfaces will normally be dispersed through 
the weld metal, though should a thick film be present 
serious oxide film inclusions may result. 

Controversy has existed in the past concerning the 
relative merits of chemical and mechanical methods 
of electrode wire cleaning. Mechanically scraped 
electrode wire has been produced in North America 
and it is claimed that its use has resulted in a reduction 
of porosity arising from surface contamination of the 
wire by the wire drawing process. In Britain reliance is 
placed on chemical cleaning methods and careful 
packaging. Comparative tests carried out in Britain 
appear to show no significant difference in the results 
obtained with either form of wire, particularly with 
respect to porosity, an acceptable standard being 
obtainable in either case provided that a satisfactory 
welding procedure is adopted. 


Shielding Gases 


Many claims have been made concerning the 
improved quality obtainable when aluminium welds 
are made by the Mig process using gases and gas 
mixtures other than pure argon. Helium and argon- 
helium mixtures are used in the U.S.A. for example,‘ 
and small additions of chlorine to argon have been 
proposed.*® Reports of satisfactory tests using small 
quantities of oxygen added to argon*® would indicate 
that this approach might be worth further considera- 
tion for the welding of pure aluminium, though it is 
likely to be unsuitable for alloys containing appreciable 
quantities of magnesium. The use of chlorine additions 
to argon presents a considerable problem not only 
from the health and safety aspect but also metal- 
lurgically in the selection of materials for construction 
of the welding apparatus and in the possible risk of 
corrosion if aluminium chloride is deposited on the 
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weldment. Nevertheless, chlorine has been used in the 
aluminium foundry for a considerable time as a 
gaseous flux. Helium is not available in Europe as a 
commercially practicable shielding gas but from a 
theoretical viewpoint has an attraction in that a given 
arc may be run at a higher voltage using helium- . 
argon mixtures with a consequently greater heat input, 
flatter weld bead, and a more favourably shaped 
solidification front allowing hydrogen to escape 
rather than become entrapped between solidifying 
dendrites. There is little practical experience in Britain 
in the use of helium and, despite the technical claims 
for these gas mixtures, it is true to say that radio- 
graphic quality better than that demanded by the 
A.S.M.E. Code can be achieved using pure argon, 
provided that a thorough grasp is made of the mechan- 
ism by which porosity occurs. By careful attention to 
cleaning methods, eliminating all avoidable sources of 
hydrogen pick-up, a low hydrogen content in the 
molten weld pool may be achieved. From then on, it is 
a matter of ensuring the slowest practicable freezing 
rate so as to allow such hydrogen bubbles as are 
formed to escape from the weld pool. It is common 
experience that this is more difficult to achieve in 
materials such as pure aluminium, which has a short 
freezing range, than in the Al-S% Mg alloy for 
example. 


Joint Configurations 


Edge preparation for butt joints 

The forms of butt joint currently used in most 
British Mig welding applications are typified in 
Table I. It seems generally agreed that with tem- 
porarily backed close joints, edge preparation is un- 
necessary on metal up to } in. (3 mm) thick and that, 
if an open joint is to be made with a stiffener to provide 
permanent backing, edge preparation is unnecessary 
on material up to in. (8 mm) thick. With the Mig 
process any alteration in the welding conditions to 
increase penetration will produce an almost pro- 
portionate increase in the amount of electrode metal 
deposited, so that attempts to make close square butt 
joints in thick material invariably produce welds with 
excessive reinforcement. The depth and angles of 
bevels for plate edges are selected in relation to the 
penetration required, to minimise the entrapment of 
spatter and to ensure good side wall fusion. Early 
attempts to use steepsided grooves when welding thick 
aluminium plate often gave rise to side wall defects 
and it was only when more generous angles were 
employed, thus. reducing the effective heat sink, that 
consistently satisfactory fusion was achieved. Thus, it 
is uncommon in manual welding to find included 
groove angles specified less than 50°, even when 
welding very heavy plate, whereas in steel welding 20° 
or even less may be encountered in heavy fabrication. 
In mechanised welding, where higher currents may be 
employed, narrower angle grooves are sometimes 
found in plates about | in. thick but it must be remem- 
bered that in this case the relative size of weld bead to 
plate is about the same as that when welding plate of 
half that thickness by manual methods. Wide groove 
angles still appear to be necessary when welding very 
heavy plate by mechanised means though there is 
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Table Ia—Butt joint configurations—Type 1 (A and B)—close square butt 





Applications Remarks A B 
Type 1A is used for most butts in metal up to 4 in. thick. Thickness + —#5 in. manually #s—? in. manually 
On thicker metal it is recommended for jigged, mechanised ty—s in. mechanical 4-7 in. mechanical 
butt welding only and is useful for joining metal panels up traverse traverse 
to } in. thick where excessive reinforcement is not objec- Root Gap Nil Nil 
tionable. Backing Bar Temporary grooved Nil 
Type 1B, welded from both sides can be used for the auto- steel or aluminium 
matic welding of seams in large tanks, but requires strict Gun Manual or mechanical traverse 
control of conditions to ensure adequate inter-penetration. No. of Passes One One from each side 
If back chipping cannot be employed this joint should only Position Fiat Flat 
be used for manual welding in low-stressed applications | Back Chipping Not required Recommended for man- 
where full strength efficiency has not to be guaranteed, ual work. Not required 
because of the difficulty of ensuring adequate inter- for mechanical traverse 
penetration. 


'he sighting V on metal 














Assets b "ne sighti 
(1) No edge preparation other than in. sighting V filed jover "g thick B. " sighting V 
on edges. 
(2) No back chipping with mechanical welding. i T oy I — { I | 
(3) With type 2B no backing is needed and whilst jigging AN 
gives best results, tacking, preferably on the opposite £ or ii 
side to that first welded, can be employed. Tack or jig 
NOTES 


Reinforcement is heavy on one side in the case of 1A and 
on both sides in the case of 1B. 





Table Ib—Butt joint configurations—Type 2 (A and B)—open square backed butt 











Applications : Remarks A B 
Primarily for shipbuilding and other . Thickness Downhand: 
structures, built of stiffened panels. 46 tor ‘Ie plate +-f in. § in. upwards 
vy," i" Other positions: 
Assets A 4 for plate above /s +-¥ in. $s: in. upwards 
(1) Minimum edge preparation ‘ — Backing Bar Permanent aluminium backing for ex- 
(2) Tolerant of variations in fit-up and _ f LI } truded section double fillet welded to 
welding conditions. plate 
(3) Self-jigging: useful either for one- | Gun Manual or mechanical traverse 
off or limited production with man- Position All (see Thickness) 
ual operation or for large-scale pro- 40° Back Chipping Not required 
duction with mechanical traverse. pet i Nie 


(4) Strength relatively insensitive to 
porosity if associated lap welds to L \/ J 
backing are completed. 

(5) Gives flush finish on top side with 


























little fettling. 
Table Ic—Butt joint configurations—Type 3 (A and B)—-single Y butt 

Applications Remarks A B 
Good quality butts made away from 70-90° Thickness $5—¥5 in. 3-4 in. 
stiffeners, e.g., for tanks, containers 4A. < Yy Root Gap Nil Nil 
and boat hulls ne Backing Bar Temporary grooved Temporary flat 
Assets ss eipemeraeiatienad steel or aluminium aluminium backing 
(1) Edge preparation simple. Can be Lamas a % optional 

done by sawing, grinding, planing, ty Gun Manual or mechanical traverse 

or tungsten-arc cutting 3 No. of Passes One from one side One or more from 
(2) Suitable for radiographic examina- both sides 

tion Position Flat only All 
(3) Gives flush surface on top side with Bp 70-90° Back Chipping Not required Recommended after 

little fettling (a first pass 

‘3 

NOTES hd t_| 
Underbead from type 3A should be | | 
removed to develop best mechanical ty,or 
properties 
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Table Id—Butt joint configurations—Type 4—single U butt 
Applications Remarks 
For butts in piping and highest quality positional Thickness Pipes *%-—} in. Plates }-} in. 
butts in tanks, containers, etc. Root Gap Nil 
- Backing Bar Temporary, grooved steel or . 

Assets 60 aluminium 
(1) Easier control of penetration than with type 3 by," Gun Manual or mechanical traverse 
(2) Suitable for radiographic examination —1 F-Ye-Ke No. of Passes One or more passes from one 
(3) Gives flush surface on top side with little " side depending on thickness 

fettling + '/igtad. Position All 

, > | Back Chipping Not required 

NOTES 


(1) Demands planing or milling machine for 
preparation 

(2) More expensive to prepare than type 3 and 
joint requires more weld metal 


"ie- 5/32 





Table le—Butt joint configurations—Type 5—double V butt 











Applications ‘ Remarks 
Butt made away from stiffeners in plate 4 in. thic 0-90° Thickness 
and over for shipbuilding and tank work 7 a Root Gap 
” Nose 
Assets Lo 
(1) Preparation can be done by sawing, grinding, See 
planing and tungsten-arc cutting ‘Tremarks © Backing Bar 
(2) Suitable for radiographic examination Gun 


(3) Gives flush surfaces with little fettling No. of Passes 
(4) Relatively well balanced weld giving little 


distortion 


* To minimise anguiar dist- 
ortion, grooves may be made 
of unequal depth, as in the 
welding of steel. 


Position 


Back Chipping 


4 in. upwards 

Nil-— in. 

#% in. max. for manual work, 
# in. for high-current mech- 
anical welding 

Not required 

Manual or mechanical traverse 
One or more from each side 
depending on thickness and 
position 

Manual: All 

Mechanical traverse: Flat only 
Required after first pass 





Table If—Butt joint configurations—Type 6—double U butt 





Applications Remarks 
High quality butts in plate over 4 in. thick Thickness 
Root Gap 
Assets —| Hig Backing Bar 
(1) Less susceptible to lack of fusion along centre- rad Gun 
line and easier to back chip than type 5 lef No. of Passes 
(2) Suitable for radiographic examination 
(3) Gives flush surfaces with little fettling +3, 
(4) Relatively well balanced weld giving little x TF max Position 


distortion 

*To minimise angular dist- 
ortion, grooves may be made 
of unequal depth, as in the 


NOTES 
(1) Demands planing or milling machine for 
preparation 


4 in. upwards 

Nil-— in. 

Not required 

Manual 

One or more from each side 
depending on thickness and 
position 

Manual: Flat, vertical and over- 
head (Type 5 recommended for 
horizontal/vertical) 


Back Chipping Required 





(2) More expensive to prepare than type 5 and 
joint requires more weld metal 


aelding of steel. 





insufficient experience to formulate general recom- 
mendations. 

Lack of fusion at the nose of joints welded from 
both sides was a rather troublesome defect in the early 
days of this process, but in manual welding limitation 
of the nose depth to a maximum of 4 in. (2-4 mm), 
coupled sometimes with the employment of a slight 
gap and proper control of the back chipping operation, 
have enabled this problem to be overcome. 


Configurations and techniques for other forms of joint 

T joints can be made with single pass fillets with leg 
lengths from 3 in. (2-4 mm) using 0-030 in. (0-8 mm) 
dia. wire to $ in. (9-5 mm) in the horizontal-vertical 
position and } in. (6-4 mm) in the vertical and over- 
head positions using , in. dia. wire in the former case 


and + in. (14 mm) for the latter. Where full root 
penetration is required, welding is done in the in- 
clined or horizontal-vertical positions whenever 
possible and members thicker than } in. are bevelled 
on each edge at an angle of 45° to leave a root face of 
dy in. 

Corner joints in metal from + in., $ (12-7 mm) and 
4 in. are usually made by the Tig process though the 
‘fine wire’ Mig guns may be used. Corner joints in 
metal thicker than } in. are made with conventional 
equipment employing either temporary backing or a 
small overlap. Lap joints are considered possible in all 
positions in metal from + in. upwards. The Tig 
process is preferred for edge joints in material up to 
4 in. thick. On thicker metal, edge joints are made with 
a butt weld using a V preparation. 











Welding Procedure 


Selection of welding current 

Data have been published showing the influence of 
plate thickness on penetration achieved at various 
welding currents, indicating the degree of fusion 
expected.’ The essential factor to bear in mind is that, 
as aluminium and its alloys have a high thermal con- 
ductivity, an appreciably greater heat input is required 
to achieve the same extent of fusion when welding thick 
plate as compared with thin plate. Additional heat 
input is obtained by increasing the welding current, 
but adopting this simple expedient introduces a 
number of complications. Since the arc is maintained 
between a consumable electrode and the work, an 
increase in welding current will be accompanied by a 
proportionate increase in the amount of electrode 
material deposited in a given time.** Hence, if the 
welding speed is kept constant the extra deposited 
metal will either form a more upstanding weld bead or 
will overlap the surface, depending upon the magnitude 
of the heat sink. In the latter case an even greater heat 
input is required to provide adequate fusion with the 
parent plate, and the only way to prevent the cycle 
beginning once again is to alter the joint configuration. 
In other cases an increase in speed may well overcome 
the disadvantages of excess metal deposition, for it is 
found that whereas penetration (fusion) is more pro- 
foundly affected by welding current than by travel 
speed, bead size is more significantly affected by travel 
speed.” Unfortunately the extent to which the welding 
current can be increased is limited by the instability of 
the arc (puckering)® which is encountered at current 
levels between 350-600 amp, the precise level at 
which it occurs being dependent, among other things, 
upon travel speed,’ joint configuration, and the design 
of the welding head. The exact choice of conditions 
when operating in this borderline region appears to be 
a matter for judicious experimentation on the shop 
floor. 


Selection of wire diameter 

Smith and Poley* have demonstrated the current 
range in which spray type transfer may be obtained 
with different wire diameters, illustrating for example, 
that usable currents may lie between 100 and 300 amp 
when * in. (1-2 mm) dia. electrode wire is used. In 
practice it is often found convenient to decide on a 
particular current for a given wire diameter within the 
ranges shown by Smith and Poley. Thus 0-030 in. 
(0-8 mm) dia. wire is found to function well at about 
110 amp, & in. (1-2 mm) at a 180 amp, + in. (1-6 mm) 
at 230 amp, and in. (2-4 mm) at 350 amp. This 
applies particularly to manual welding where, above 
all, it is essential that the running of the arc and 
deposition of metal should be as smooth and control- 
lable as possible. Currents greater than 350 amp are 
generally impracticable using manual techniques, 
hence plates more than about 2 in. (94 mm) thick 
must be welded by multiple passes if this is to be done 
manually.? The downhand welding of such material 
is usually done with in. wire but for positional work 
there is a definite preference for 7 in. dia. wire 
because at identical currents the weld pool is more 
easily controlled. For many applications therefore, 
welding conditions can be simplified so that one or 
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Table II 
Simplified selection of manual Mig welding conditions 
Electrode Wire Welding RangeofMetal Applications: 
Dia. Current, Thickness, Welding 
in. (mm) amp in. (mm) Position 
0-030 (0-8) 80 16-14s.w.g. (1-6-2) All 
110 13-10s.w.g. (2-4-3-2) All 
é& (1:2) 180 +4 (3-5) All 
te (1-6) 230 +4 (6-13) All 
260 4 upwards Positional work 
es (2-4) 350 # upwards (9:5) |Downhand work 





possibly two currents are standardised for each size of 
electrode wire, and Table II gives typical examples. 

In most cases it is found that variation in the speed 
of welding will adequately compensate for the effects 
of thickness variation within the stated ranges and 
whilst, for example, much work between 14 s.w.g. and 
2 in. thickness could be carried out using & in. dia. 
wire by varying the welding current, the preservation 
of constant arc conditions by a fixed welding current 
in terms of wire diameter is often of considerable 
practicable benefit to the operator. 


Technique 

Manual welding is almost invariably carried out in 
the leftwards direction with the welding gun inclined 
10-15° from the vertical in the direction of travel. It is 
a widely accepted view that porosity is minimised by 
ensuring that the arc length is from }—+% in. long, and 
this is the working rule except in the welding of 
material thinner than } in., where shorter arcs are 
necessary to allow adequate control over weld shape.” 
‘Dip-transfer’ conditions, so valuable for the welding 
of thin gauge mild and stainless steel, seem to offer 
less advantage for the welding of thin aluminium. The 
control of penetration and gap-bridging properties 
are not reproduced to the same extent. 

While lack of fusion and oxide or spatter entrap- 
ment are to some extent controlled by joint configura- 
tion, the skill of the welder can exert a significant 
influence. Trouble of this kind often occurs when the 
welder does not maintain the correct gun angles 
throughout a run. Movement from the wrists rather 
than from the waist and failure to rotate the gun so 
that it is always approximately normal to the fusion 
faces during weaving have been traced as sources of 
these defects. 


Equipment and maintenance 

Once the best welding conditions have been selected 
for a particular application, the main problem in 
achieving consistently satisfactory results becomes one 
of equipment reliability, and this generally resolves 
itself about difficulties arising from the wire feed 
mechanism. It is particularly frustrating for a welder 
to be constantly stopping to replace burnt contact 
tubes and having laboriously to remove the alumin- 
ium-copper alloy deposited in the groove when a wire 
stoppage occurs. Early equipments for manual welding, 
embodying drooping-characteristic power sources but 
still relying on arc self-adjustment for maintenance of 
the welding conditions, were particularly liable to 
burn-back trouble, for the open-circuit voltage of the 
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power source was usually high enough to allow a long 
arc to be maintained between the contact tube and the 
work if wire stoppage occurred. Today, using constant- 
potential power sources, it is often found that the arc 
is extinguished at the point in the cycle when a 
molten blob of aluminium is formed at the end of the 
stopped wire just as it emerges from the contact tube. 
Repair or replacement of the tube is often unnecessary 
where the contact tube itself is not associated with the 
cause of wire stoppage. 

Developments in the design of wire driving wheels 
have played an important part in overcoming wire 
stoppage difficulties. The semi-circular type of groove 
found on early wire drive units has proved to be 
particularly unreliable when used with electrode wire 
of varying temper and staightness. Wire kinks, which 
may only be detected by careful visual examination 
along the length of the electrode wire, may be sufficient 
to cause feeding troubles, and any tendency towards 
wedging between the spool flanges and successive 
layers will certainly promote difficulty. The combina- 
tion of V"and flat roll used on recent equipment 
appears to be significantly better in coping with the 
variations in wire quality which may be encountered. 
It is obvious that every effort must be made to reduce 
friction in the wire transporting system, and in general 
the least trouble will be experienced where the distance 
between the drive rolls and the arc is as short as 
possible. This consideration led to the development of 
the so-called ‘fine-wire’ welding equipment, in which 
the drive motor and wheels are situated in the gun 
close to the arc, but this design is necessarily limited 
to lightweight units and as a consequence the heavy 
motors required to pull in. or * in. dia. electrode 
wires through several feet of flexible conduit cannot 
be accommodated. The ‘wire pushing’ manual equip- 
ment may often be advantageously modified by reduc- 
ing the length of flexible conduit to the minimum 
required for a specific application, especially with 
& in. dia. wire where much shop work has been done 
with conduits reduced to about 4 ft (1-23 m) long. It 
is an elementary precaution to ensure not only that 
nylon liners are of the correct diameter for the wire 
being used but that they are also of the correct length 
to ensure a continuous nylon tube between the drive 
wheels and the contact tube. Failure to do this will 
almost certainly result in wire snagging. Another 
simple but essential precaution is to ensure that, where 
the fused end of a contact tube is sawn off, burrs are 
removed from the bore. Following a burn-back, it is 
also important to run out the whole length of electrode 
wire between the driving rolls and the contact tube, 
for this length of wire may have been buckled slightly 
by the over-run of the drive motor when the burn- 
back occurred. 

Periodic examination of the flowmeter and all joints 
in the argon tubing has been found beneficial in 
maintaining high weld quality, and if equipment has 
not been used for some hours it has been found 
advisable to purge the argon system. 


Welding position 

One of the outstanding characteristics of the Mig 
process is the facility with which positional welding 
may be carried out. Aluminium is a light metal having 
a high thermal conductivity with a tendency towards 
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the formation of smaller weld pools than is the case 
when welding steel. The effects of gravity are much 
less pronounced and it has been found that a reduction 
in current by about 20% compared with that for 
downhand welding is all that is necessary to ensure 
successful vertical or overhead welding. For the 
highest quality work, however, there is some advantage 
in executing as much of the work as possible in the 
downhand position, for the risk of weld porosity is 
thus minimised. It may be imagined that elaborate 
manipulation equipment would be required to ensure 
that this could be done when working on complex 
fabrications but in practice it is found that a little 
ingenuity generally suffices. Figure 4 shows welding 
being carried out in one of the authors’ Works on the 
core tank for a Merlin ‘swimming pool’ type reactor. 
The natural welding position for this seam would 
have been semi-inclined but it was considered worth- 
while to use a crane and a simple set of rollers to sling 
the vessel for downhand welding. This procedure was 
amply justified in that no repairs were required follow- 
ing radiography of this difficult seam. Figure 5 shows 
the extent to which shop floor ingenuity may go in 
ensuring that the welder may adopt the most comfort- 
able position for welding a heavy corner joint, again 
on a nuclear reactor core tank constructed in one of 
the authors’ Works. This and seven other similar 
difficult joints were welded without the need for 
repair work following radiography, as a result of 





4—Core tank for Merlin reactor under construction for A.E.1.- 
John Thompson, arranged for downhand welding 





5—Semi-automatic welding of heavy box section corner joints 
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careful forethought based on hard lessons learned in 
the past. 


Mechanised Mig welding 

Because the electrode feed and welding current are 
readily pre-set and made interdependent, the Mig 
process is particularly amenable to mechanised 
operation. Full advantage can be taken of the high 
welding speed possible with this process, so high out- 
puts can be obtained without operator fatigue, and 
distortion and the softening of heat-treatable or work- 
hardened products can be reduced. On thick material, 
heavier currents can be used and heavier deposits laid 
than by manual. means. On thin material larger 
electrode wires can be used with higher welding speeds 
than are possible with manual welding. 

Mechanised operation shows to great advantage in 
fillet welding, for the control of fillet size (which is a 
source of considerable variation in the strength and 
cost of manually laid welds) can readily be brought 
under strict control. If the electrode wire feed speed 
and speed of traverse of the welding head, or the work, 
are set, the welds will be of correct size. The welding 
current can be regarded simply as a means of burning 
off the electrode wire, and the pre-set arc voltage 
together with the inclination of the welding head as 
controlling the shape of the fillet. In the mechanised 
fillet and lap welding of metal thinner than # in., 
good fit-up of the components and accurate alignment 
of the welding head have been found vital if neat, 
regular welds are to be produced. Particularly on small 
or rotated components, the welding speed should be as 
high as possible to minimise heating of the work and 
consequent changes in the shape and size of the weld 
from start to finish. For successful high speed fillet 
welding it has been found necessary to use an arc 
length somewhat shorter than usual (the voltage 
should be less than 23 V), otherwise at speeds over 
40 in./min (100 cm/min), there will be a risk of inter- 
mittent lack of side and root fusion leading to the 
production of ‘holes’. 


Standards of Weld Quality 


A great deal has been said and published concern- 
ing the controversial topic of aluminium weld quality 
and standards of acceptance, and much of this com- 
ment has undoubtedly arisen from the unfortunate fact 
that a certain amount of weld metal porosity is 


6—Standard |: Acceptable porosity in 1 in.(25 mm) thick 
9-5% pure aluminium. Tensile strength‘ of joint 5-0 
tons/sq.in. (800 kg/sq.cm) 
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virtually unavoidable in most fabrications made using 
the Mig process. Furthermore, the complete exclusion 
of aluminium oxide from the weld presents a difficult 
problem because the densities of aluminium and its 
oxides are closely similar. There is little doubt that 
weld quality has generally improved over the past 
ten years but, as experience has been gained, more 
difficult and diverse fabrications have been attempted 
and occasional set-backs encountered, usually as old 
problems arise from new or aggravated causes. It is 
not intended in this paper to deal exhaustively with 
this topic but it is felt useful to set out the differing 
acceptance standards which have been applied over 
the past five years. A consideration of these standards 
and the allied mechanical test figures will show that 
there is wide scope for rationalisation and, whilst the 
application of a particular standard may be condi- 
tioned by a large factor of ignorance in specific cases, 
the widely divergent views held concerning the sig- 
nificance of defects must be noted with some scepticism. 
Three standards are considered : 


Standard 1: Applied to pressure vessels in pure aluminium 
ar 5% aluminium, BS.1477 P1B). Date: 1956. 
: Cracks: Not acceptable. 

2 Lack of fusion: Not acceptable. 

3. Oxide film inclusions: Acceptable up to # in. (94 mm) dia. 
or length spaced at intervals of not less than 10 times the 
weld width. 

. Tungsten inclusions: Acceptable up to 3 in. (14 mm) dia. 
. Distributed porosity: Acceptable where the individual pore 
diameter does not exceed one-eighth of the plate thickness, 
i.e., } in. (3 mm) dia. for 1 in. (25 mm) plate, etc. (Distribu- 
tion not specified but Fig. 6 is typical of the standard 
accepted and which in fact showed 100% joint efficiency.) 


nS. 


Standard 2: Applied to vessels for low- -temperature work where 
leakage would be dangerous. Aluminium-4$% magnesium 
alloy, BS.1477, NP5/6. Date: 1958 

1. Cracks: Unacceptable. 

2. Lack of fusion: Unacceptable. 

3. Oxide films: Acceptable up to } in. (64 mm) long. 

4. Scattered fine porosity: Acceptable up to 7 in. dia. with 
local porosity up to 4 in. (2$ mm) dia. (Distribution un- 
specified but Fig. 7 is typical of the quality accepted. 
Again 100% joint efficiency related to minimum specified 
strength for annealed plate was achieved.) 


Standard 3: Applied to nuclear work in pure aluminium. 

Date: 1960 

. Cracks: Unacceptable. 

. Lack of fusion: Unacceptable. 

. Lack of penetration: Unacceptable. 

. Not more than two pores of + in. dia. may exist in any 
one length of 6 in. (152 mm) of weld and these must be 
separated by at least } in. 


-PwWwne 














7—Standard 2: 
Al-44% Mg alloy. Tensile strength of joint 17-5 tons/sq.in. 
(2800 kg/sq.cm) 


Acceptable porosity in § in. (16 mm) thick 


5. Restart porosity: May be permitted provided that the 
group consists of no more than six pores of individual 
diameter 4 in. (0-8 mm) maximum, contained within an 
area of not less than $ in. (124 mm). The spacing of indi- 
vidual pores to be not less than 4 in. 

. Oxide inclusions up to 7 in. diameter acceptable. 

. There should be no more than eight individual defects 
enumerated above in any one length of 6 in. of weld (e.g. 
six pores and two oxide films). 


SD 


The application of these three individual standards 
resulted in vessels that were pressure tight, mechani- 
cally sound, and which subsequently gave satisfactory 
service without corrosion or mechanical failure of the 
welded joints. Needless to say the excessively stringent 
requirements of Standard 3 resulted in an increased 
cost for the job concerned, and it is to be hoped that 
realistic standards of acceptance will be adopted in the 
future to the benefit of fabricators and users alike. 

Great reliance is placed on radiography as a non- 
destructive quality control method and much time 
and money is expended in taking action following 
adverse radiographic reports. What is not so com- 
monly realised, however, is that certain forms of 
planar defect characteristic of aluminium welded by 
the Mig process are far from easily detected by radio- 
graphy. These defects, such as lack of inter-run 
fusion or lack of root penetration, can have a serious 
and profound effect upon the mechanical strength of 
the joint and can quite easily go undetected. Figure 8 
shows such a defect which was missed by radiography 
and the tensile figures obtained indicate a joint 
efficiency of only 78%. It is interesting to note that, 
although such a low tensile figure was achieved, the 
specimen did not fail in the accepted sense in a bend 
test. As can be seen from the illustration, the lack of 
fusion is evident only on the side of the specimen. The 
standards for accepting bend tests state that no crack 
or discontinuity greater than a certain specific length 
shall appear.on the outer convex surface and clearly, 
according to that particular form of words, this 
specimen passes. What is more serious, however, is 
that if this defect had been discontinuous it is possible 
that there would have been no evidence even on the 
sides of the bend test piece and yet the effect upon 
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8—Lack of fusion not detected by radiography. 1% in. (35 mm) 
thick Al-44 Meg alloy. Tensile strength 13-3 tons/sq.in. 
(2100 kg/sq.cm) (78%, joint efficiency). Bend testing could 
have missed this defect had it been discontinuous 


static tensile strength would still have been most 
serious. It is clear that there is a case for fundamental 
re-thinking concerning the application of bend testing 
to aluminium and its alloys in particular and ductile 
non-ferrous metal and alloys in general. 

Perhaps the most important task in the immediate 
future is to assess the effect of typical defects under 
static and dynamic conditions, to determine the tests 
most suitable for the detection of the defects to which 
aluminium welds are prone, and the conditions under 
which such tests should be made to ensure that struc- 
tures have a satisfactory performance. Systematic 
programmes in these fields are in progress at some 
research establishments and the results will be viewed 
with keen interest. 
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Factors Influencing the Properties of 


Welds in Aluminium 


By J. C. Bailey, B.Sc., F.1.M., and G. W. Eldridge, A.1.M. 


The paper reviews the currently established procedures for Tig and Mig welding 
of aluminium and its alloys and the methods developed for testing the welds. 
Factors underlying the occurrence of defects are then discussed, paying attention 
to the principal defects that can arise: weld cracking, porosity, and oxide 
inclusions. Other inherent factors influencing properties are then considered: 
filler rod composition, the extent of the heat-affected zone, and welding vari- 
ables such as speed of welding and current. Finally the properties attainable in 


practice are considered. 


during the past decade has led to the accumula- 

tion of much practical experience, in that the 
significant factors appropriate to good welding tech- 
nique and quality control are now well understood. 
In the U.K. this has enabled the British Standards 
Institution to lay down recommendations for standard 
welding procedures that are acceptable to users and 
inspection authorities. Attention is now being centred 
upon acceptable methods of testing welds and welders 
—leading, it is hoped, to the establishment of precise 
standards of weld quality for various purposes. 


T: industrial application of aluminium welding 


Weldable Aluminium Materials 


Materials commonly used in Great Britain for 
general engineering purposes are specified in British 
Standards 1470/1477 and 1490. The following groups 
are normally welded: 

Wrought 

(i) Pure aluminium 

(ii) Aluminium-manganese alloys 

(iii) Aluminium-magnesium alloys 

(iv) Aluminium-magnesium-silicon alloys 
Cast 

(v) Aluminium-magnesium alloys, aluminium-silicon alloys, 
and aluminium-silicon-copper alloys in the form of cast- 
ings are occasionally incorporated into welded com- 
ponents. 


The materials concerned are listed in Table I. 

The welding process usually reduces the strength of 
the welds and adjacent zones to that of the material 
in its annealed condition: in the case of the heat- 
treatable (Al-Mg-Si) alloys this is considerably below 
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the strength possible by full heat treatment, but some- 
times the complete weld assembly can be given a final 
heat treatment to produce high weld efficiencies. 


Development of Standard Welding Procedure 
in the U.K. 


The standard of welding demanded for metal 
structures, such as pressure vessels and atomic energy 
equipment, has forced up the general standard of 
weld quality; equipment has been made more reliable, 
standard welding techniques and edge preparations 
have been evolved, and test methods have been 
developed for inspection up to Class 1 Standards. 
These welding techniques are now being embodied in 
British Standards, such as BS.3019, Part 1, “General 
Recommendations for Manual Inert-Gas Tungsten-Arc 
Welding”, which details suitable edge preparations, 
electrode size, filler metal, welding current, gas flow, 
etc., for given material thicknesses, together with 
suitable filler wire compositions. A similar document, 
dealing with the metal-inert-gas (Mig) welding process 
is in course of preparation. 

Details of welding rods for the Tig process are 
contained in BS.2901, Part 1, ‘‘Filler Rods and Wires 
for Inert-Gas Arc Welding, Gas Shielded Tungsten-Arc 
Welding” and for the Mig process in BS.2901, Part 2, 
‘*Filler Rods and Wires for Inert-Gas Arc Welding, Gas- 
Shielded Metal-Arc Welding”. The compositions of the 
materials contained in these Standards are given in 
Table II. 


Testing procedures 

Discussions are in progress on methods of testing 
welds, with the objective of producing a British Stand- 
ard on recommended methods of testing. This will 
lay down standard methods to be adopted—tensile 
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Table I — Aluminium material compositions suitable for welding 





Group 
(i) 


(ii) 


(ili) 
(iv) 


(v) 


Specification Composition %, P 
BS.1470/77 Al Cu Meg Si Fe Mn Ni Zn 

l 99-99 min (Cu-+ Si+ Fe 0-01 max) 
1A 99-8 min 0-02 max — 0-15 max 0-15 max — — 
1B 99-5 min 0-05 max —_— 0-3 max 0-4 max 0-05 max _ -- 
1c 99 min 0-10 max — 0-5 max 0-7 max 0-1 max — 0-10 max 
N3 rem. 0-15 max 0-6 max 0-7 max 1-0-1-5 — 0-1 max 
N4 rem. 0-10 max 1-8-2-7 0-6 max 0-7 max 0-5 max — 0-1 max 0-5 
N5 rem. C-10 max 3-0-4-0 0-6 max 0-7 max 1-0 max — 0-1 max 0-5 
N5/6 rem. 0-10 max 3-5-5-5 0-6 max 0-7 max 1-0 max —_— 0-1 max 0-5 
N6 rem. 0-10 max 4-5-5:5 0-6 max 0-7 max 1-0 max — 0-1 max 0-5 
H9 rem. 0-10 max 0-4-0-9 0-3-0-7 0-6 max 0-3 max — 0-1 max 
H19, rem. C-10 max 0-4-1-5 0-60-1-3 0-6 max 0-2 max — 0-1 max 0:1 
H20 rem. 0-15-0-40 0-8-1-2 0-0:8 0-7 max C-2-0°8 _— 0-2 max 0-1 
H30 rem. 0-10 max 0-4-1-5 0-60-1-3 0-6 max 0-40-1-0 — 0-1 max 0-3 

BS.1490 
LMS5 rem. 0-1 max 3-0-6:0 0-3 max 0-6 max 0-3-0-7 0-1 max 0-1 max 
LM6 rem. 0-1 max 0-10 max 10-0-13-0 0-6 max 0-5 max 0-1 max 0-1 max 
LM? rem. 0-1 max 0-3-0:8 3-5-6-0 0-6 max 0-5 max 0-1 max 0-1 max 


BREE L. #6" s 


avs | 
Ba: 





testing, macro-examination, fracture and bend tests, 
crack detection and radiographic examination meth- 
ods; the frequency of testing and minimum require- 
ments could be ultimately laid down in particular 
application standards. A series of radiographs depict- 
ing typical weld defects, such as porosity, tungsten 
inclusions, and lack of penetration has been issued by 
The British Welding Research Association.' A code 
of practice for aluminium pressure vessels is also 
being prepared by the British Standards Institution 
and will eventually incorporate data on permissible 
stresses in welded components and on test requirements. 

Visual examination, tensile tests, and radiography 
can give useful information when applied intelligently 
and enable weld quality to be accurately and reliably 
assessed. A sufficient number of tests must be made, 
of course, and on important work it may be necessary 
to subject every length of weld to radiographic exami- 
nation. The nick-break test permits the examination 
of the fracture at a predetermined position in the 


weld. It is a useful test for determining general weld 
quality though it has been criticised on the grounds 
that the site of the fracture is not necessarily the least 
sound region in the weld. For Mig welds it is con- 
sidered that complete freedom from porosity is an 
unrealistic criterion; porosity is inherent in welds 
made by this process and the practical goal should be 
a series of radiographic standards showing the amount 
and distribution of porosity to be permitted for 
various classes of work. It will, of course, be necessary 
to know the quantitative effect of porosity on weld 
strength, and test data are being accumulated with 
this object in mind. 

Certain tests are considered to be unsuitable for 
general use in the practical assessment of weld quality: 
these include the Charpy or Izod impact tests, tensile 
tests of all-weld-metal specimens, microscopic exami- 
nation, and shear tests on fillet welds. 

Such tests are valuable in research and in develop- 
ment work on processes or materials, but as routine 


Table Il — Composition of filler/electrode wires 





Composition, % 


Specification 


BS.2901 Al Cu Meg Si Fe Mn Ni Zn Cr Others 
Gl 99-99 min —- Cu-+ Si+ Fe 0-01 max* — — — -- = — 
GIA 99-8 min 0-02 max — 0-15 max* 0-15 max* — — ~- -- _ 
G!B 99-5 min 0-05 max — 0-3 max* 0-4 max* 0-05 max — — -— —_ 
GIC 99 min 0-10 max — C-5 max* 0-7 max* 0-1 max — 0-10 max —- + 
NG2 rem. 0-10 max 0:25 max 10-0/13-0 0-6 max 0-5 max 0:2 max 0-2 max — Sn 0-05 max 
Pb 0-05 max 
NG2I rem. 0-10 max 0:25 max 4-5/6-0 0-6 max 0-5 max 0-2 max 0-2 max —_ Sn 0-05 max 
Pb 0-05 max 
NG3 rem. 0-15 max — 0-6 max 0-7 max 1:-0/1-5 — 0-1 max — Ti 0-20 max 
NG4** rem. 0-10 max 1-8/2-7 0-6 max 0-7 max 0-5 max -- 0-1 max 0-5 max _ Ti 0-20 max 
NG5 rem. 0-10 max 3-0/4-0 0-6 max 0-7 max 1:0 max — 0-1 max 0O-Smax_ Ti 0-20 max 
NG6 rem. 0-10 max 4-5/5-5 0-6 max 0-7 max 1:0 max — 0-1 max 0O-5 max Ti 0-20 max 
NG7** rem. 0-10 max 6°5/7°5 0-6 max 0-7 max 0-5 max —_ — 0-5 max Ti 0-20 max 





* It is desirable that. °{Si is less than Fe 
** BS.2901, Part 1 only. 
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Some Similar Overseas Specifications 


U.S.A. Germany 
Others (A.A.) France (DIN 1712 & 1725) Italy LS.O. 
Al 99-99 
A8 Al 99-8 Al 99-8 
AS5 Al 99-5 UNI 3566 Al 99-5 
1100 A4 Al 99 UNI 3567 Al 99-0 
Ti 0-20 max 3003 A-M AIMn UNI 3568 Al-Mnl 
Ti 0-20 max 5052 A-G2 UNI 3574 Al-Mg2 
Ti 0-20 max 5154 A-G3 UNI 3575 Al-Mg3 
Ti 0-20 max 
Ti.0-20 max 5356 A-G5 AlMg5 UNI 3576 Al-Mg5 
Ti 0-30 max 6063 A-GS E  AIMgSi UNI 3569 Al-MgSi 
Ti 0-30 max 
Ti 0-30 max 6061 
Ti 0-30 max A-SG AlMgSi Al-SiMg 
Sn 0-05 max; Pb 0-05 max; Ti+ Nb 0-2 max UNI 3058 
Sn 0-05 max; Pb 0-1 max 13 A-S13 G AISi UNI 3047 Al-Sil2 
Sn 0-05 max; Pb 0-1 max; Ti+ Nb 0-2 max Al-SiSMg 








tests they give very little positive information because 
it is so difficult to interpret the results in practical 
terms. Indeed they may even be misleading and so 
cause the rejection of work that is satisfactory for its 
purpose. This criticism can also be made of ultrasonic 
testing in the present state of knowledge, but it is 
hoped that this will develop into a useful and reliable 
non-destructive test method for aluminium weldments. 


Control of welding defects 


Cracking 

A survey of the literature on weld cracking in 
aluminium alloys shows that many contradictions 
exist. For example, on the one hand it has been shown 
that the risk of cracking increases with iron and 
silicon contents (at impurity level); on the other, that 
high-purity aluminium is more prone to cracking than 
commercial-purity aluminium. Again, a reasonable 
content of low-melting-point eutectic is advantageous, 
yet Al-Mn alloy—which contains no low-melting 
eutectic—has less tendency to weld cracking than 
Al-Mg-Si alloys, which do. 

It may be that such apparent differences arise from 
the use of different methods of crack testing—each 
causing its own degree of non-equilibrium in the 
system, or each being preferentially sensitive to one 
type of cracking. 

The problem of cracking during the welding of 
aluminium has been the subject of study by several 
establishments, notably the work of Pumphrey and 
others at the University of Birmingham which pro- 
pounded a shrinkage-brittleness theory of cracking? 
that has been recently considered in relation to a 
generalised theory of cracking above the solidus.* The 
earlier work by the A.D.A. Team established reliable 
means of recording the tensile properties of cast 
aluminium alloys at elevated temperatures—up to 
those, near the melting point, at which coherence of 
the primary crystal network was lost. With a given 
system the tendency to cracking is related to the 
difference between the cohesion temperature and the 


solidus temperature; the sensitivity of a given com- 
position is, however, affected by variations in the rate 
of cooling and by other factors modifying the degree 
of equilibrium obtained. 

The work on super-solidus cracking has shown that 
in simple alloy systems the degree of cracking will be 
at a maximum with the following concentrations of 
the second component: 


Copper 3% 
Magnesium 4% 
Silicon C6% 
Mg.Si ye 


The severity of cracking is not the same with each 
component and it will be appreciated that the con- 
centration of alloying element to produce maximum 
cracking may be modified by the presence of other 
elements or by specific cooling conditions. 

Weld cracking has been observed at temperatures 
below the solidus in some alloy series; notably Al- 
Cu-Mg, Al-Cu-Mg-Si, and Al-Zn-Mg alloys. The 
A.D.A. Team concluded that its occurrence depended 
on the ductility of the metal, on the conditions of 
stress to which the material was subjected during 
cooling to ambient temperature, and on the amount 
of cracking that occurred at temperatures above the 
solidus. It was noted that the ring casting test used in 





1—Ring casting mould used in research on aluminium weld 
cracking 
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this work did not produce sub-solidus cracking in all 
alloys where weld cracking occurred in the solid state, 
and since the total contraction from the solidus to 
room temperature produces a strain of only about 
1% (which would not be expected to lead to fracture) 
the notch effect at the weld ends must be responsible 
for the imposition of localised high strains leading to 
cracking. It is significant that the ductility of the un- 
fused sheet material affects the propensity of a weld 
to crack; it was noted that sub-solidus cracking 
occurred in certain Al-Zn—Mg alloys welded in the 
heat-treated condition but not in the same alloys when 
welded in the annealed condition, the sheet then 
possessing higher ductility. 

The A.D.A. Team used chiefly a ring casting test 
with cast iron mould and solid cast iron core (Fig. 1); 
also a restrained-weld test jig. This clearly differen- 
tiated between the cracking susceptibilities of various 
alloys considered at that time, but it would not 
necessarily be sufficiently selective when considering 
slight composition variations. Subsequent work by 
the British Welding Research Association on the 
effect of various filler alloys in the welding of Al-Mg- 
Si alloys showed that a restrained-weld test was not 
sufficiently severe, and a simple cracking test was 
devised* which has since been used for work on the 
welding of heat-treatable alloys (Fig. 2). Investigations 
in many parts of the world have shown it necessary to 
devise methods of evaluating weld cracking suscepti- 
bilities, and a very extensive review of these has been 
made recently.* It must be acknowledged that any one 
type of cracking test is unlikely to cover the whole 
range of cracking susceptibilities that may be met in 
the future development of weldable aluminium alloys. 
It must also be recognised that such tests are of 
immediate use in development work on alloys and 
filler wires, and that cracking in weldments on the 
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production floor may be influenced by other factors 
particular to the specific job concerned. Where par- 
ticular difficulty arises in production, the welding 
metallurgist may be able to avoid cracking by using 
an alternative filler wire, but more probably he will 
need to find out whether the welding sequence is . 
appropriate, whether the welding conditions are 
satisfactory, or perhaps whether preheating is ad- 
visable. 


Porosity 

The solubility of hydrogen in molten aluminium is 
about 0-7 cu.cm per 100 g, whereas in the solid metal 
just below the solidus it is only 0-036 cu.cm per 100 g: 
consequently any hydrogen in excess of this absorbed 
during melting will be rejected from solution during 
freezing, to form porosity. That hydrogen is the main 
source of porosity in aluminium welds is not disputed, 
although pores may in some instances be due to en- 
trained argon or air. When welding under an inert 
gas screen, direct reduction of the water vapour in the 
atmosphere would not be counted a major source of 
hydrogen but vapour from this source may be present 
in the oxide film on the surface of the parent metal or 
filler/electrode wire. From time to time the initial 
hydrogen content of the plate or filler materials has 
been blamed for excessive porosity but this is not 
today considered a serious contributor to the problem. 
It is, however, accepted that the porosity level may vary 
according to composition, e.g., Al-5°%Mg filler gives 
a lower apparent porosity count than does Al-5 %Si 
filler under similar conditions. That assessment of the 
origins of porosity is no simple matter is probably due 
to minor variations in the testing method introduced 
by investigators; for example, it has been shown that 
in Mig welding the welding voltage affects the porosity 
level.® This work indicated that low-voltage arcs (18V) 
where short circuiting was frequent, resulted in welds 
having 1% voids, whilst welds made at 26 V gave less 
than 0-1% voids. These tests were made on Al-Mg 
plate NP5/6 (BS.1477) using Al-5 %Mg electrode wire. 

Welding current also affects the degree of porosity 
in Mig welding; low currents lead to high rates of 
cooling and solidification, causing higher porosity 
counts. This effect of low current is even more pro- 
nounced with electrode wire of inferior surface 
condition. 

Porosity is at a generally higher level in Mig welding 
than in Tig welding and it is accepted that this differ- 
ence is mainly due to the higher ratio of surface area 
to cross section volume of the electrode wires and the 
difficulty of keeping long lengths of the wire free from 
contamination while in stock. This leads to reluctance 
to use this process in some industries although there 
is no evidence that the mechanical strengths of Mig 
welds are inferior to those of Tig welds. Nevertheless 
porosity is a defect which can be readily observed on 
radiographic examination and it leads to rejections 
in many cases where such action is probably not 
justified. The British Welding Research Association 
has published a series of radiographs exhibiting 
defects and has also devised a system of recording 
porosity.? An investigation is at present in progress 
with the object of assessing quantitatively the effects of 
porosity and this will include both static and dynamic 
tests. This work should lead to the establishment of 
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reasonable standards of radiographic inspection for 
aluminium welds. 


Oxide inclusions 

With proper control of the welding conditions the 
porosity level can be contained within acceptable 
limits but other defects can arise in aluminium welds 
which will have a greater significance in their effect on 
weld properties. The refractory oxide skin that deve- 
lops on the metal surface during heating can be very 
tenacious and the presence of such a skin on the 
underbead may prevent fusion between the two plate 
edges at the root of the joint. A similar film may 
build up at the junction between the weld metal and 
the parent metal at the side of a weld, and fragments 
of oxide may be contained within the fused zone. With 
tungsten-inert-gas welding, prolonged use at high 
currents may cause collapse of the electrode tip and 
lead to inclusions of tungsten in the weld; similarly, 
in the metal-inert-gas process copper inclusions can 
be derived from the contact tube. 


(a) 


(b) 


(c) 





(a) 250 in./min, 275 amp; normal arc with signs of penetration finger 
(6) 275 in./min, 300 amp; critical finger with occasional voids 
(c) 300 in./min, 330 amp; defective weld with tunnels 


3—Macrosections of Mig bead runs in 99% purity aluminium 
plate, showing effect of current on tunnel formation 
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Of these defects the most serious effect upon mech- 
anical properties is produced by oxide films preventing 
complete fusion, but tungsten or copper inclusions 
may affect corrosion resistance of the joint. 


Tunnelling 

The high thermal conductivity of aluminium is one 
property that contributes to the difficulty of welding 
thick sections, and to avoid preheating it is obviously 
desirable to weld under high currents. With the Tig 
process there appears to be an upper limit of about 
350 amp above which tungsten loss becomes obvious 
even with large diameter electrodes, although higher 
currents than this have been used with success. With 
the Mig process there is also an upper limit above 
which defective welds are produced. At very high 
currents the appearance of the bead indicates that the 
deposit is unsatisfactory; it is characterised by black- 
ening and irregular lumpy deposits, the condition 
being known as ‘puckering’. Between this current 
level and the normal deposit current, however, a range 
occurs in which the weld quality is unsatisfactory, but 
the bead appearance is not markedly different from 
that of a normal weld. In this region elongated voids 
occur in the base of the weld, arising from excessive 
turbulence in the weld pool; such defects are known 
as ‘tunnels’, and they are very obvious in a cross-section 
of the weld® (Fig. 3). It is impossible to control this 
feature by observation during welding but it has been 
shown that the current at which tunnelling occurs is 
affected by variations in welding procedure, such as 
the gun angle, and also by the effectiveness of the 
argon screen.®!© Recent work reported satisfactory 
welds in 1 in. (25 mm) plate in Al-Mg alloy NP5/6 in 
two passes with currents up to 600 amp and arc 
voltages between 28 and 32 V. These welds were made 
with conventional equipment without special argon 
screens, but particular attention was paid to torch 
angle and the argon flow. The arc travel speeds were 
approximately 12 in./min (30 cm/min) and the welds 
were completely free from oxide enfoldment.** 

The defects considered in the foregoing are those 
which experience has shown to be the most serious in 
aluminium welding as such, but general welding faults, 
such as misalignment, poor bead shape, and incorrect 
filler, must also be avoided. The defects considered 
can be observed by radiographic examination, except 
that it is possible for fine oxide films, preventing 
complete side or inter-run fusion, to remain unde- 
tected. This is illustrated in Figs. 7-10. 


Properties of Aluminium Welds 
Occurrence of heat-affected zone 

Except perhaps when the materials are used in the 
annealed or cast conditions, the properties of alu- 
minium and its alloys are modified on either side of 
the weld bead by the intense welding heat. The extent 
of these effects depends on the total heat input and to 
a lesser extent on the time interval; in turn the heat 
input depends on the welding process used, the 
number of passes, and the speed of welding. 

The inert-gas arc-welding processes, with their in- 
tense heat sources, produce a heat-affected zone 
somewhat narrower than would result from oxy- 
acetylene welding. The zone is, however, still of con- 
siderable significance in single-pass butt welds; it 
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usually extends across twice the material thickness on 
each side of the weid, and in multipass welds it may 
spread substantially farther. Except for materials 
welded in the annealed condition, the heat-affected 
zone is characterised by a drop in hardness but a 
hardness survey may not necessarily indicate the rela- 
tive mechanical properties in the weld area. Work by 
the A.D.A. Team showed the interesting pattern of 
thermal changes that occur in aluminium welded by 
the various methods then available. For example, in 
butt welds between two sheets 0-080 in. (2 mm) thick, 
material | cm from the welded edge, was heated above 
300°C. for some 15 sec during Tig welding, whilst 
material 2-5 cm from the welded edge was similarly 
heated for 40 sec during oxy-acetylene gas welding. 
The differences in temperature decay times in the close 
vicinity Of the weld were substantial, and it was noted 
that the temperature distribution in the heat-affected 
zone was much less affected by variations in oxy- 
acetylene welding conditions than by variations in arc 
welding conditions. 

Dividing aluminium alloys broadly between those 
which are strengthened by heat treatment and those 
which are not, it can be stated that materials in the 
latter group which have been subjected to work hard- 
ening suffer a loss in hardness when heated in the 
region of 250°C.; the degree of loss depends on the 
temperature and duration, but a simple generalisation 
cannot similarly be stated for the former group. 
Assuming that the heat-treatable material has been 
fully heat-treated, application of further heat will 
cause excess precipitation or over-ageing, leading to 
some loss in mechanical properties. At higher tem- 
peratures the material will become fully softened. 
Further heating up to the solidus, followed by slow 
cooling, would not have any significant effect on the 
hardness, but precipitation from the supersaturated 
solid solution will have occurred progressively; this, 
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together with possible grain growth, will have further 
modified the physical properties. Up to this stage the 
original properties of the heat-treated sheet can be 
almost entirely recovered by re-heat-treatment. Heat- 
ing above the temperature of incipient fusion has a 
deleterious effect upon the mechanical properties, . 
particularly the ductility, which will not be restored 
by re-heat-treatment. The rapid transfer of heat from 
the weld area to the surrounding metal, resulting from 
the high thermal conductivity of aluminium, has a 
quenching effect on the material adjacent to the weld 
pool, which will therefore subsequently age harden 
at room temperature or respond to precipitation 
treatment, depending on the alloy. The speed of 
quenching required to produce the solution-treated 
condition varies between alloys, and the Al-Zn—Mg 
alloys are notable for their tolerance to quench speed. 
A hardness survey of the heat-affected zone of a weld 
in material heat-treated before welding often shows a 
reduction in hardness at the outer extremities; the 
inner zone has been re-solution-treated by the welding 
heat and the outer zone has severely over-aged (Fig. 4). 

Uncontrolled bend tests on welds can give non- 
uniform bends due to these variations, so the test 
shown in Fig. 5 is used; but it will not detect internal 
defects (Fig. 6). 

Despite the good understanding of the various 
characteristics of the heat-affected zone, or perhaps 
because of this, the elimination of zones of inferior 
strength is still an intractable problem from the metal- 
lurgical aspect. The undesirable effects can be reduced 
in two ways: 


(a) By using a filler rod that overmatches the strength of the 
parent metal and leaves a deposit whose final strength is 
greater than would otherwise be the case. 


(5) By welding so rapidly that the softening effect of the welding 
heat is kept to a minimum. The higher heat input of Mig 
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(a) Fully heat treated 


Tensile strength Elong. on 2 in. 


-- As welded 13-8 tons/sq.in. 8% 
— Precipitation treated 15-9 tons/sq.in. S% 
3 hr at 185°C 


(6) Solution treated 


Tensile strength Elong. on 2 in. 
12% 


--- As welded 13-5 tons/sq.in. Se 
— Precipitation treated 16-3 tons/sq.in. 58% 
3 hr at 185°C 


4—Examples of hardness surveys across Mig welds in } in. thick Al-Mg-Si alloy HP.30W and HP.30WP welded with Al-12 % Si wire 
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6—Cross section of Mig weld in Al-Mg-Si alloy welded with 
Al-12% Si wire, showing central defect of type not affecting 
controlled bend test result. 

5—Controlled bend test apparatus Etched 10% sodium hydroxide <4 





7—Radiographs of Mig welds in } in. thick 
Al-5%, Mg alloy, showing gross porosity: 
(a) with reinforcement retained; (b) with 
reinforcement removed 





8—Tensile fractures of samples shown in Fig. 7: 
(a) Fracture outside weld, joint efficiency 
100%; (b) fracture at weld showing porosity, 
joint efficiency 80% 





9—Radiographs of Mig welds in } in. thick AI-5% 
Mg alloy; (a) with reinforcement retained; (b) with 
reinforcement removed. Porosity in (b) is much less 
severe than in sample shown in Fig. 7 








10—Tensile fractures of samples shown in Fig. 9: (a) 
Fracture outside weld, joint effic.ency 100°; (b) 
fracture at weld showing lack of root fusion not 
revealed on radiograph, joint efficiency 80°% 
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BAILEY AND ELDRIDGE: PROPERTIES OF ALUMINIUM WELDS 








11—Structure in Tig weld between } in. thick Al-34% Meg sheet 
and } in. thick Al-12% Si casting using Al-12% Si fille 


Etched hot 25% HNO; < 400 


welding and the consequent higher speeds possible, result 
in smaller heat-affected zones than with Tig welding. 


Filler metal 


The development of welding techniques for alu- 
minium has been following a logical sequence: First 
the establishment of data for welding the then existing 
alloys with parent metal and other fillers; next the 
understanding of the advantages of dissimilar fillers 
afforded by work such as thai by the A.D.A. team; 
then the development of special complex filler com- 
positions for heat-treatable alloys such as AlI-Cu-Mg- 
Si alloys, and most recently the development of weld- 
able medium strength Al-Zn-Mg alloys with higher 
weld efficiencies than those obtainable with the 
Al-Mg-Si series. 

The various grades of pure aluminium and Al-1}% 
Mn alloy are generally considered to be of good weld- 
ability with filler rods of base metal composition. With 
all these compositions it has been shown to be im- 
portant that the iron content should exceed the silicon 
content (preferably by 50%): perhaps this is why 
high-purity aluminium presents difficulty—because 
its Fe/Si ratio does not always meet this requirement. 
The Al—Mg alloys used in the U.K., i.e., 2}, 34 and 
5% magnesium can all be welded with filler wire of 
the same composition. The original A.D.A. Team 
investigation showed that the critical magnesium con- 
tent for maximum cracking was 4%, but the commer- 
cial alloys contain manganese, iron, and silicon, and 
the commercial concentration of these elements pro- 
duces a critical magnesium content of 1-5-2%. In- 
dustrial experience has confirmed that cracking 
problems are greater with the 2}°% Mg alloy than with 
alloys of higher magnesium content. 

When adopting a filler wire of composition at 
variance with the base metal composition the degree 
of dilution provided by the joint configuration must 
be taken into account; this will vary from 25 to 40% 
in fillet welds to approx. 90°% in close butt welds. In 
the 2}% Mg alloy, with the lower dilution factor, a 
filler rod of 3-5% Mg alloy will produce a weld 
composition above the critical concentration, but to 


12—Structure in Tig weld between } in. thick Al-34°% Mg sheet and 
} in. thick Al-12°% Si casting using Al-5%, Mg filler 
Etched hot 25% HNO, < 400 


allow for the higher dilution of heavy close butts, a 
5% Mg alloy rod is advisable. Therefore, to reduce the 
number of variables, the latter composition is generally 
accepted for welding the general range of Al-Mg 
alloys containing between 2° and 5-5% Mg. A guide 
to filler metal selection is given in Table III. 


Mechanical properties 

All the foregoing factors influencing weld properties 
have been considered both separately and together 
during the development of welding techniques for 
aluminium, and during the past few years the quality 
of welds and their strength have in consequence been 
gradually improved. But there is still ample scope for 
further improvement, as shown by Table IV, which 
gives values drawn up from consideration of a very 
large number of test results provided by various 
British sources. It will be noted that this table indicates 
values for tensile strength only; information on proof 
stress and elongation values has not been included 
since the level of these properties is markedly affected 
by the size of the weld in relation to the size of test 
piece. 

The table is confined to wrought alloys since infor- 
mation on welding of castings is far less extensive. 
However, applications do arise where the use of fusion 
welding to make joints between cast and wrought 
products, or between two cast components, is an 
obvious production requirement. Experimental work 
is at present in progress to obtain further information 
on weldability of the materials and the properties of 
joints between dissimilar materials. In earlier work!” 
the properties of butt welds between LM4-M, LM5-M 
or LM6-M and NS3-$H, NS6-}H or HS30-WP were 
considered and the further series will deal with butt 
welds made by both Mig and Tig processes between 
LMS, LM6 or LM8, and PIB-M or NPS5/6-M. In the 
case of the Al-12°% Si alloy (LM6) both sand cast and 
die cast forms are to be investigated, and in the 
Al-Si-Mg alloy (LM§8) both precipitation-treated and 
fully-heat-treated conditions will be used. The series 
will include three filler/electrode wire materials— 
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Table IV — Mechanical properties of butt-welded joints using inert-gas arc-welding processes 








Filler or Tensile Strength* 
Parent Metal Electrode Alloy Minimum, Typical, Thickness Range, Appropriate 
(BS.1470-77) (BS.2901) tons/sq.in. (kg/sq.mm)_tons/sq.in. (kg/sq.mm) in. (mm) Welding Process 

SI Gl 3. (47) 3¢ (5-1) te (1-6) Tig 
S1B-O, P1B-M GIB 4 (6-2) 4} (7-5) $ (3-2) to 

1 (25-4) Mig/Tig 
Sic-O GIC 4 (62) 4} (7-5) up to} (6-3) Mig/Tig 
S1C-—}H, -H GIC 4 (6:2) 5 (7-9) up to} (6:3) Mig/Tig 
NS3-O NG3 5? (9-0) 6} (9-8) up to} (6-3) Mig/Tig 
NS3-—4}H, -H NG3 5} (9-0) 73 (11-8) up to (6-3) Mig/Tig 
NS4-O, NP4—-M NG4/NGS5/NG6 11 (17-3) 12 (18-9) up to 4 (12-7) Mig/Tig 
NS4—}H, -3H NG4 11 (17-3) 124 (19-7) up to} (6:3) Mig 
NS5-O NGS5 134 (21-3) 143 (22-8) up to} (6:3) Mig/Tig 
NS5-O NG6 14 (22-0) 143 (22-8) up to (6-3) Mig/Tig 
NSS5S-—}H NGS = (21-3) 1S (23-6) up to} (6-3) Mig/Tig 
NSS5S-}H NG6 (22-0) 15 (23-6) up to} (6-3) Mig/Tig 
NPS5/6-O, -M NG6 i6 (25-2) 17 (26-8) } (6:3) to 

1 (25-4) Mig/Tig 
NS6-O NG6 16 (25-2) 174 (27-5) up to} (6-3) Mig/Tig 
HS/HP20-W,-WP NG6/NG2I 11 (17-3) 12 (18-9) up to % (9-5) Mig/Tig 
HS/HP30-W,-WP NG6/NG2I 11 (17-3) 13 (20-5) up to 2 (9-5) Mig/Tig 
HS/HP30-W,-WP NG6/NG21 11 (17-3) 13 (20-5) over § (9-5) 

up to | (25-4) Mig 





* All the properties quoted are for materials in the as-welded condition. Joints of H20 and H30 should have a minimum tensile 
strength of 17 tons/sq.in. (26-8 kg/sq.mm) after full re-heat-treatment. No values can be laid down for these joints after precipitation 


treatment alone, because in that condition the properties vary considerably with thickness and welding technique. The “ 


Tensile Strength” 


Al-5°% Mg alloy, 12% Si alloy, and 5°%% Si alloy—to 
establish the relative merits of these when making 
joints between Al-Si-Mg alloy castings and Al-Mg 
alloy sheet materials. Previous tests on a number of 
welds between these two materials, using Al-5°% Mg 
and 12°, Si filler materials, showed that the properties 
obtained with the 12% Si filler were superior: no 
massive Mg.Si was formed, possibly owing to the 
lower melting temperature of the filler metal and 
consequent smaller amount of fusion of the Al-Mg 
alloy. Typical structures are shown in Figs. 11-12. 


Properties at sub-zero temperatures 

In recent years a number of investigators have 
reported the results of their tests on some aluminium 
alloys at sub-zero temperatures.'*:'* This work was 
instigated as a result of the interest shown in the 
commercial transportation and storage of liquid 
methane, and the knowledge that ferritic steels were 
liable to suffer from brittle fracture at sub-zero tem- 
peratures. The boiling point of methane is —160°C., 
but the investigations were generally made in liquid 
nitrogen at —196°C. To study the effect of stress 
raisers on the crack propagation of the materials, a 
number of. specialised tests were used, including 
centrally notched tensile tests, U.S. Navy tear tests,'® 
and Tipper Tests.'® These tests showed that cracks 
were no more readily formed or propagated at — 196°C 
than they were at room temperature. Whilst samples 
containing welds yielded lower values than the un- 
welded samples, it was quite clear that the welding 
operation had not induced any tendency to self- 
propagate cracks. Fatigue tests were also carried out 
at 196°C. on T-sections constructed by double 
fillet welds, reverse bending stresses under zero mean 
stress being applied. The maximum alternating stress 
value for a given endurance at — 196°C. was about 
50-60 °,, higher than the corresponding value at room 


Minimum 


values should be used for design purposes; the ‘Typical Tensile Strength” values are added for information only. 


temperature, and this applied over the full range of 
endurances covered. 
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Some Notes on the Design of Chemical 
Equipment in Aluminium 


The properties of aluminium as a material of construction for chemical equip- 
ment are compared with those of steel, using various parameters: the price 
parameter for strength Gp/o; the price parameter for stability Gp*/E; the 
thermal stress parameters a/aE, A, A/pc, Apc and the strength/density parameter 


a/ 


By E. F. Boon and 
F. C. A. A. van Berkel 


ip. 

The design rules for flat aluminium gaskets are elucidated. A design study of 
an aluminium tank for a liquefied methane tanker is shown. 
The authors stress the need for research to determine the allowable stress in 


aluminium equipment for the chemical industry taking into account 1,000 load 
cycles, weld cracks and thermal stresses. 


have properties, which make their use for the 
construction of chemical 
desirable. 

In this paper these specific properties of aluminium 
will be discussed and compared with those of steel, 
showing as a result typical differences between con- 
struction in aluminium and in steel. A general review 
of the use of aluminium as a material of construction 
has been given by Banks and Smith.! 

Compared with steel, the specific weight of pure 
aluminium and its alloys, the modulus of elasticity 
and—at least for the materials used for the construc- 
tion of chemical equipment—the 0-2% proof stress 
and the ultimate tensile strength are generally lower; 
the allowable plastic deformation—at least for soft 
aluminium—the coefficient of thermal expansion, 
heat conductivity, electric conductivity, and specific 
heat are higher. The impact strength of aluminium does 
not decrease sharply at low temperatures, like that of 
steel. Various aluminium alloys have an outstanding 
corrosion resistance to many chemicals;* added to 
these properties are the low cross-section for absorp- 
tion of thermal neutrons and the short half-life of the 
radioactive isotopes Al** of 2-3 min, which make 
aluminium of interest to the nuclear engineer. 

Aluminium is generally non-contaminating, and the 
aluminium salts are colourless and non-poisonous. It is 
non-magnetic and non-sparking, which latter property 
is an advantage in explosion dangerous areas.’ At 
elevated temperatures the strength is generally poor 
and creep is excessive. 

Consequently, chemical equipment is constructed 
in aluminium to provide: chemical resistance, no 


P= aluminium and various aluminium alloys 


equipment often 
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contamination, plastic deformation at low stresses, 
ductility at low temperature, light weight, non- 
sparking properties and low resistance to heat flow. 


Suitable Materials for Chemical Equipment 


Today an enormous number of wrought, extruded, 
and cast aluminium types, varying from pure alumin- 
ium to non-heat-treatable and heat-treatable alloys, 
is available.4> For the construction of chemical 
equipment, however, only those types are suitable 
which at least are easily weldable, and combine a good 
chemical resistance with a reasonable strength. The 
most important aluminium types that more or less 
satisfy these conditions are: 


Non-heat-treatable 

(a) Pure aluminium: purity ranging from 99-0 to 
99-99°; high resistance to corrosion at high 
purities; low strength with high ductility; strength 
increases at the cost of the ductility with cold work; 
qualities varying from soft to hard; good weld- 
ability; high thermal and electrical conductivity at 
high purity. 

(b) Aluminium—Manganese alloy (1-0-2:0% Mn): 
about the same properties as pure aluminium with 
slightly higher strength. 

(c) Aluminium—Magnesium—( Manganese) alloy (0-5- 
6% Mg, 0-1-5°% Mn): medium strength in the soft 
state; increased strength and decreased ductility 
with increased Mg content; stress corrosion might 
form a problem with Mg above 4-5%; good 


chemical resistance; strength increases at the cost 
of ductility with cold work; excellent weldability, 
though worse at higher Mg content. 
The cold worked materials can be fully annealed by 
heating. 
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Table I 
Typical physical properties at room temperature of pure aluminium, aluminium alloys, mild steel and stainless steel 











Pure aluminium Al-3% Mg Al-5% Mg  Al-Mg-Si  Mildsteel Stainless steel 
(soft) (soft) (soft) (soft) (soft) 
18/8/24 Mo 
Classification BS.1A BS.N5 BS.N6 BS.H19 ~=BS.1501-151 ALSI 316 
Grade A 
Specific weight, kg/cu.m 2700 2650 2600 2700 7850 7900 
0-2% proof stress, kg/sq.mm 2:5 10 14 6°5 26 
or lower yield stress, kg/sq.mm : 21 
Ultimate stress, kg/sq.mm 7 22 27 12 37 55 
Elongation on Scm, % 30 17 17 18 28 35 
Modulus of elasticity, kg/sq.mm 6700 7000 7000 7000 21000 200000 
Impact strength, kg.m/sq.cm 10 3-5 4 6 10 20 
Hardness, D.P.N. 18 45 60 30 130 150 
Specific heat, kJ/kg°C. 0-9 0-46 0-495 
Heat conductivity, kW/m °C. 0-20 0-145 0-116 0-175 0-05 0-014 
Coefficient of thermal expansion, °C.-! 24x 10° 24x 107° 24x 10-° 23 x 10-* 11-7 x 10-* 16x 10-* 
Notes 1kg/sq.mm 0-64 tons/sq.in. 
ikj/kg°C. = 0-239 Btu/Ib °F. 
1 kW/m °C. 578 Btu/ft? hr °F./ft 


Heat-treatable 
Aluminium—Magnesium-Silicon alloy (0-3-1-5% 
Mg, 0-3-1:5% Si, 0-1-0% Mn): about the same 
strength as mild steel; good resistance to corrosion; 
good weldability, both of soft and hard material. 

In Table I the various physical properties of these 
alloys are compared with those of mild steel 37 
(BS.1501-151 grade A) and with soft stainless steel, 
18% Cr-8% Ni-2-5% Mo (AISI 316). 

The strength of the heat-treatable alloys, like Al- 
Mg-Si alloy, can be substantially increased by solu- 
tion-heating the material, cooling it down rapidly and 
by finally ageing it at moderate temperatures. The 
strength will be decreased again if the material is 
heated to a higher temperature and cooled slowly; 
eventually the fully soft quality can be regained. 


Properties of Welded Joints 


In this paper the properties of the welded joints in 
chemical equipment should be mentioned.*-® 

The deposited weld bead is a casting, which means 
that the strength and the elongation will have values 
more or less equal to those of cast aluminium of 
corresponding composition. 

The zones alongside the welds will be more or less 
completely annealed, in the case of non-heat-treatable 
material, and will have properties similar to those of 
the soft quality. The strength could be regained by 
plastic deformation, but this is generally not possible. 
In case the aluminium alloy is heat-treated, the zone 
alongside the welds will also lose strength, which can 
be regained only by a re-heat-treatment, which is 
sometimes possible. 

The welded joints normally appear to have approxi- 
mately the same resistance to corrosion as the parent 
materials. 


Allowable Stresses 


Unwelded material 


Equipment in structural steel is generally pressure 
tested in such a way that general plastic deformation 


does not occur. The working load is the test load 
divided by a safety factor, which is, in the temperature 
range between 0° and 300°C., often chosen as 1-5. 
The allowable design stress then becomes the yield 
stress at the working temperature divided by this 
safety factor. Many years of experience have shown 
that the choice of this safety factor gives a reasonable 
lifetime and that, for instance in a pressure vessel, 
1000 load cycles can safely be supported. 

The combined effects of the factors governing the 
allowable stresses, such as life, plastic deformation at 
load cycles, temperature cycles, and so on, are little 
known for steel and still less for the various aluminium 
alloys. Therefore a direct basis, to determine a realistic 
ratio between the working stress and the 0-1% or 
0-2% proof stress, is not available. 

However, in comparing aluminium with steel, the 
following considerations may be discussed : 


(a) Quality of aluminium 

The quality of aluminium is varying, because of the 
wide ranges in the various specification; this decreases 
relatively the allowable stress, as the low values will 
have to be used. 


(b) Modulus of elasticity 

The low modulus of elasticity—Y oung’s modulus— 
decreases the stress peaks, caused by abrupt changes 
in cross-section; the Young’s modulus of aluminium 
is approx. 7x 10* kg/mm?*, so approx. 4 of the 
Young’s modulus of mild steel. 


(c) Thermal stresses 

Failure due to thermal stresses can be caused by 
poor geometry of the structure, rapid temperature 
changes and by the material of construction. The 
ability of a material to withstand thermal stresses will 
be described using 4 typical, well defined thermal loads. 


(i) Stationary (time independent) temperature difference be- 
tween two parts of a structure 
It can be calculated that the temperature difference 4T 
causing a stress o can be described as: 
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where 47=allowable temperature difference 
o=allowable thermal stress, kg/sq.mm 
a=coefficient of thermal expansion, per °C. 
E=Young’s modulus, kg/sq.mm 
b=function of the geometry of the structure 
(See Table II for the values of 47 for some materials.) 
An example of such a stationary system is a double pipe 
heat exchanger with, for instance, both pipes of similar 
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1— Double pipe heat exchanger 


materials (see Fig. 1). In this case the maximum allowable 
temperature difference will be: 

gt. yee F,+F, 

=>) Fr ccc (2) 


with F, and F, as the surfaces of the cross-sections of the inner 
and outer tubes respectively. 


AT 





(ii) Stationary (time independent) temperature gradient dT/dx 
This gradient is caused by a heat flow per unit area 
through the material with a heat conductivity coefficient ¢,,” 


(iii) Unsteady (time dependent) heat flow 
The Fourier equation for heat conduction reads 
eT _ AST 
dx? pc St 


Integration and approximation in a specific case result in 


rtf 


where f=a constant, describing the geometry and the time 
function 


A _aconstant, describing the material of 
pe construction 
p=density 
c= specific heat 
pc=heat capacity per unit volume. 
Elimination of 47 from equations (1) and (5) gives 


o A 
w- 5/* 


Where W is the temperature shock function of Winkelmann 
and Schott, sometimes used to correlate the thermal shock 
resistance of ceramics. 
(iv) Sudden contact between two bodies with different tempera- 
tures 
Two bodies a and 5 with temperatures T, and 7, will have 
a contact temperature at the instant of contact T,, defined by 


the relation 
T.—T, _ /Qve 
T.-T, =: 


Although the above formulae are based on non- 
realistic assumptions and are therefore not suitable 
for calculation of the allowable heat load, the func- 
tions described are involved. A comparison of these 
functions for various materials is shown in Table II. 


(d) Influence of cracks 

Various laboratory experiments show that alumin- 
ium is less susceptible than constructional steel to 
internal cracks and flaws and behaves like a fully 
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Table I 
Thermal load parameters for various materials 
o/aE A Alpe - Ape 
(°C.) (kW/m°C.) (m?/sec) ((are | sec-) 
Aluminium, 99-8% 15 0-2 8-3 x10-5 486 
Aluminium-3 % Mg 62 0-145 61 x10-5 345 
Mild steel 85 0-05 1-38 x 10-5 180 
Stainless steel 81 0-014 0-36x10-° 55 





ductile material, with no tendency for brittle fracture 
at temperatures as low as —196°C. This could mean 
that plastic deformation at, say, 1,000 load cycles can 
be supported, whereas for steel this is not so. 

The observations in the foregoing paragraphs give 
a basis for the following comments: For soft alumin- 
ium with a large difference between the proof stress 
and the ultimate tensile strength, the allowable 
stresses in chemical equipment will at least be defined 
similar to those of mild steel, e.g., about % the 0-2% 
proof stress. For materials in the hardened state, with 
a smaller difference between the proof stress and the 
ultimate tensile strength, the allowable stress should 
be half of the proof stress or even less, depending 
on the situation. The allowable stresses in, for instance, 
the ASME “‘Boiler and Pressure Vessel Code for Un- 
fired Pressure Vessels” vary from 3 the 0-2% proof 
stress for the soft materials to as low as 0-3 of the 
0-2% proof stress for harder materials, whereas the 
(tentative) API “Specification for Welded Aluminium- 
Alloy Storage Tanks” allows 0-80-0-2 of the 0-2% 
proof stress, depending on the alloy used.*" Owing 
especially to the low tendency for brittle fracture, it is 
possible that the allowable stress in pressure vessels 
could be higher than the general value of % the 0-2% 
proof stress. The authors consider that the tendency to 
brittle fracture in load cycles of aluminium containing 
flaws is so important that a study with various alloys 
is warranted. These tests could enable the designer to 
determine a safe allowable stress as a function of 
temperature and the number of load cycles. 


Welded aluminium 


The considerations for unwelded material form the 
basis for the allowable stresses of welded aluminium. 
The properties of welded joints have already been 
discussed, both for non-heat-treatable and _heat- 
treatable materials. In a welded joint, three types of 
materials can thus be distinguished: the parent 
material, the heat-affected zone and the welding 
bead itself. 


Non-heat-treatable type 

The properties of the weld itself are normally equal 
to those of cast aluminium of corresponding composi- 
tion and are generally not affected by small irregulari- 
ties; the properties of the softened zones are those of 
more or less fully-annealed parent material, dependent 
on the welding procedure. The strength of the welded 
joint will therefore be substantially the strength of the 
parent material in the soft quality multiplied by the 
joint efficiency. If the parent material is in the annealed 
state the strength of the weld will equal the strength of 
the parent material times the joint efficiency. 
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Heat-treatable alloys 

The weld bead itself has a cast structure. The zone 
alongside the welding seams will therefore lose 
strength, because of the applied heat-treatment, and 
the strength in these zones will lie between the original 
value and the strength of the softened material. 

The joint efficiency permitted in, for example, the 
ASME Boiler Code ranges from as low as 50% to 
95%, depending on the type of joint and the testing 
procedure.® 

The joint efficiency in the API Specification ranges 
from 0-75 to 0-85."* When the material is used in the 
hard or half-hard condition the welded joints will 
become the weak parts of the construction. In many 
cases, however, the welded joints can be placed in less 
heavily loaded regions, so that they will not sub- 
stantially reduce the strength of the equipment. 

If a welded joint in a hard material is fully loaded 
transversely, then the allowable stress of this joint will 
certainly be lower than that of the parent material; 
two congiderations, however, are worth mentioning: 


<7; 
(a) If, for example, a pressure vessel in cold-worked alumin- 
ium is loaded to the allowable stress of the parent material, 
some (soft) welded joints will be stressed somewhat over 
the 0-2°% proof stress and will therefore be strained and so 
reinforced. The authors consider it to be worthwhile to 
verify this point through experiments. 
(b) A very narrow soft zone, e.g., for + of the plate thickness, 
a stress distribution will occur as shown in Fig. 2 for a 


b 
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2—Compression stress distribution on a flat aluminium gasket 


with width b, height h and maximum shear stress k, com- 
pressed between two rough plates 











Rough plates 


gasket. It is unlikely that this principle can be used with 
existing welding practices. 

The need for experiments to determine the allow- 
able stress in a weld, as a function of temperature and 
number of load cycles, is even more desirable than for 
unwelded plate as already suggested. 


Cost Comparison between Various Aluminium Types, 
Mild Steel and Stainless Steel 


The cost price of chemical equipment constructed 
in various materials can be compared with the aid of a 
parameter, which is formed by the cost price per unit 
material volume of the equipment and by the material 
criterion, with which, in a given situation the plate 
thicknesses are defined. For instance: 

(i) For equipment where the plate thickness is governed by 


tensile strength considerations, such as pressure vessels, 
this parameter will have the form Gp/c. 
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3—Price parameter for strength Gp/s for various materials 
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(ii) For equipment, where the plate thickness follows from 
the criterion of stability by its own weight, such as long 
—— vertical cylinders, this parameter has the form 

Pp /E, 
where G=cost price of the equipment, in gld per kg 
p=density of the material of construction, kg/cu.m 
c=allowable stress, kg/sq.mm 
E=Young’s modulus, kg/sq.mm. 


In Figs. 3 and 4 these parameters are related to 
material temperature, for pure aluminium, Al-3 % Mg, 
Al-5% Mg, mild steel (BS.1501-151, Grade A) and 
stainless steel (18% Cr-8% Ni-2:5% Mo), all mater- 
ials in the soft condition. 

The allowable stresses are taken as 3% the lower 
yield stress for steel, 3 the 0-2% proof stress for stain- 
less steel, pure aluminium, and Al-3 % and Al-5% Mg 
alloys. For the yield and the 0-2% proof stresses 
typical figures,® not minimum values, were used. 

Figure 3 shows clearly that, at room temperature, 
pressure vessels in Al-3-5% Mg alloy are somewhat 
cheaper than in stainless steel, but still 3-4 times as 
expensive as steel pressure vessels. For low-tempera- 
ture service, equipment in aluminium alloy is cheaper 
than in stainless steel. 

If chemical pressure equipment has to be con- 
structed in pure aluminium, then it will be several 
times more expensive than in steel, owing to the low 
permissible stresses for pure aluminium in the soft 
quality; for this reason, for instance, Al-5% Mg alloy 
lined with pure aluminium could be used. 

Figure 4 shows the cost parameter, where the 
equipment plate thickness is governed by self-weight 
stability considerations. Under these circumstances 
aluminium equipment is 1-8 times more expensive than 
steel, but several times cheaper than stainless steel 
equipment. 


Butt weld 
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5—Typical butt welded extruded profile 
for aluminium 


6—Typical aluminium traced (heated or 
cooled) pipe 


7—Tube joint with weld in region 
of low stress 











It should be noted that the information in Figs. 3 
and 4 is not based on experience of fabrication in 
aluminium; it might be expected therefore that many 
differences in fabrication between steel or stainless 
steel and aluminium equipment—for example the 
possible use of complicated extruded profiles or the 
use of cast equipment parts—have had no influence on 
the cost price value G. In specific cases, consequently, 
these cost-figures could be substantially lower for 
aluminium. 


Details of Design 


Since the use of chemical equipment in aluminium 
is now developing, the design will generally be 
‘translated’ from that of steel or stainless steel equip- 
ment. Aluminium, however, has properties (e.g., low 
modulus of elasticity and easy deformability) which 
differ quantitatively so much from those of steel or 
stainless steel, that an entirely different approach is 
needed. 

The more important properties of aluminium, with 
respect to equipment design and fabrication, are: 


(a) Aluminium is easily deformable, especially at elevated 
temperatures; aluminium therefore can be extruded to 
very complicated profiles, at low cost. (See Fig. 5, where 
an extruded profile is depicted as part of a flat tankwall, 
which is carrying a hydrostatic load. Note the backing 
piece, which is part of the profiles and suits the butt- 
welding of two profiles. See also Fig. 6, where an extruded 
traced tube is shown) 

(6) Several suitable aluminium types for chemical equipment 
can be cast and the cast component can be welded onto 
plates and profiles 

(c) The welding of half-hard aluminium generally causes a 
cast structure in the weld and more or less fully annealed 
zones between the welds and the parent material. The 
welds should therefore be positioned in less heavily loaded 
regions 

(d) The machining of aluminium is easy and cheap; special 
machined parts do not increase the equipment costs too 
much 

(e) Owing to the low modulus of elasticity (Young’s Modulus) 
aluminium will absorb much work, which is normally an 
advantage for aluminium equipment, but which causes 
some complications in the forming of parts such as discs. 
This characteristic, however, makes aluminium unstable 
in compression and buckling might occur. If, on the other 
hand, the compression stresses are caused by the self- 
weight of the equipment, aluminium has about the same 
tendency for instability in compression as steel, for the 
ratio density/elastic-modulus is about the same for both 
materials, compared on a basis of equal wall thickness 

(f) The impact strength of aluminium alloy is rather low, 
normally about 3—5 kg/sq.cm at room temperature** 
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8—Typical connection of a tube to a conical bottom: (a) Steel; 


(b) and (c) aluminium 
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(g) Many aluminium alloys are relatively sensitive to notches, 
which is especially important where fluctuating stresses are 
expected. For this reason sudden changes in cross-section, 
and even scratches transverse to the loading stresses, 
should be avoided* 

(h) Aluminium is very sensitive to contamination with, for 
instance, heavy metals; this implies thorough cleanliness 
during fabrication of aluminium equipment, to avoid 
traces of steel, lead, copper, etc. on the equipment surface, 
for these metal traces will cause chemical attack as a 
result of the low electrolytic potential of aluminium, as 
soon as an electrolyte is present. This low electrolytic 
potential of aluminium to most materials of construction 
makes complete insulation from structural parts of, for 
instance, steel or copper, necessary. 


Some design details are shown in Figs. 7 and 8. 
In Fig. 7 the weld is situated in a less heavily loaded 
region and no notch is formed. In Fig. 8a a tube is 
welded in a conical bottom in the same way as it is 
normally done for steel; in Figs. 8b and 8c welded 
joints more suitable for aluminium are shown; 
Fig. 86 has still a notch and could moreover suffer 
from crevice corrosion in the tapered annular crevice; 
therefofe the detail in Fig. 8c is preferred. 


Typical Equipment Designs and Constructions in 


Aluminium 


A number of typical applications of aluminium in 
the chemical industry will be discussed, on the basis of 
the properties of the material. 


Plastic deformation at low stresses 


Heat-treatable and non-heat-treatable aluminium 
types can be extruded at elevated temperatures to 





9—Extruded aluminium heat-exchanger tube 


profiles of very complicated forms, like heat-exchanger 
tubes with integrated fins (Fig. 9). 

The ductility of aluminium makes it an excellent 
material for gaskets. The guiding principle is the high 
compression stress that can be safely used, as will be 
explained below. 


(a) Flat aluminium gasket under compression 

This gasket is by no means a new idea, but its 
advantages are little recognised as it is not sold by 
gasket manufacturers and is therefore not advertised. 
Also, the formulae for load distribution are not given 
in the technical handbooks. Therefore it seems in 
order to start with a few remarks on the compression 
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of a flat ductile plate between two rough plates. This 
subject has been treated by Hill and others.’ 

Some simplifying assumptions will be made (Fig. 2). 
The deformation is plastic only and with a constant 
maximum shear stress k; elastic deformation will be 
neglected. The gasket will be pressed between two - 
rough plates, assumed to be grooved so that the gasket 
cannot move horizontally as such, horizontal moment 
will entail horizontal shear in the gasket in the region 
close to the rough plates. 

It can be calculated" that the compression stress 5 
on the gasket will be 2k on the edges and 2k (1+-4 b/h) 
in the centre. Therefore a gasket with a width/height 
ratio : 
Pmax==2k (1+-5)=12k and an average compression stress 
of Pay=7k. However, when the surfaces of the plates 
are ideally smooth, no friction between the gasket and 
the plates will exist and the compression stress would be 
constant over the gasket surface, equal to p=2k. 

The performance of a gasket can now be explained 
as follows: firstly the gasket will touch the two 
flanges (rough plates) at a few points. Tightening the 
flange bolts will compress the gasket into the grooves 
of the flange. Initially a low compression stress is 
required, say 2k, equal to the stress for plastic defor- 
mation in uniaxial stress. As the grooves fill up, the 
compression stress increases and horizontal flow will 
start, increasing 56 and decreasing fh. At a certain 
average compression stress p,,, equilibrium will be 
reached. It could be assumed that at this equilibrium 
pressure the width b might be larger than the width of 
the flange, causing the gasket to be extruded out of the 
flange. This phenomenon would stop before com- 
plete blow-out, as h=0 would entail infinite compres- 
sion stress. This argument may prove that overloading 
a flat metal gasket is not possible. Moreover, work 
hardening of aluminium increases the shear stress k 
considerably, making excessive gasket flow unlikely. 


=10 will have a central compression stress of 


(b) Flat aluminium gasket under compression and shear 

A gasket between two unsymmetrical flanges will 
also be loaded with a horizontal shear force, as the 
radial deformation of the flanges, due to pressure and 





SHEAR STRESS, kg/sq.mm 

















02 04 06 08 10 12 14 16 18 20 22 


SHEAR STRAIN, mm 
10—Shear stress as a function of shear strain of a 1 mm soft 
aluminium gasket. The curves (a), (f) and (h) are for a 


compression stress on the gasket of 25, 7-5 and 2:5 kg/sq.mm 
respectively 
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temperature changes, is not equal. This effect has been DP 

tested by the authors on many samples of aluminium | 

and silver.12 Repeated radial shear strain under en An — 

constant compression stress caused considerable ; a anaes r 

thinning of the gasket, sometimes a reduction in Snes 

height to § of the initial value. Cracking of the gasket pp, | |_| a ae 
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stress occurs under this type of loading. Figure 10 — 

shows the shear stress as a function of the shear strain 

for a typical case. | : \ 
Work hardening is clearly shown in case (a); in + 

case (h) there is little increase of shear stress with 

shear strain and it was observed that the gasket | 

slipped relative to the flange as the compression stress | ener emer 

was low. 























Ductility at low temperatures NN eee ——_— 

Various aluminium types, e.g., Al-3-5 % Mg alloys, ) 
have impact values which, although rather low at room ees eae 
temperature, are not liable to show a sharp break 
down, as does normal mild steel at temperatures 
around O0°C. This property suggests that these 
materials are suitable for low-temperature applica- 
tions, which has been confirmed by a number of recent 
tests* which show that even thick plates are still 
ductile at temperatures of —196°C. 

For the transport of liquefied gases, like natural gas 
at —155°C., a number of designs of aluminium tanks 
for seagoing tankships have been proposed.'* 

The Technological University of Delft, Holland, 11—Design study of a container for a liquefied methane tanker 
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also made a study of seagoing liquefied natural gas 
carriers. This study resulted in a preliminary design of 
a transporter, equipped with vertical cylindrical tanks 
in Al-S% Mg alloy. These tanks have dimensions 
which depend on their place in the ship; the biggest 
has a diameter of 11-16 m (37 ft) and a total height of 
23-65 m (78 ft). 

The tanks consist of a cylindrical shell of plate 
thickness varying from 15 mm (§ in.) bottom to 
10 mm (3 in.) top reinforced with stiffening rings, 
and are closed by elliptical heads of 17 mm (} in.) 
wall thickness (bottom) 10 mm (# in.) top. Apart from 
vertical loading by gravity, the tanks should withstand 
loading due to a maximum inclination of 30° of the 
ship and an acceleration due to pitching, heaving, 
and rolling of 0-4 g (see Fig. 11). 

The tanks are insulated with at least 250 mm (10 in.) 
of rockwool or foamed plastic, dependent on the value 
of the natural gas and on the way in which the boiled- 
off-gas is disposed of. The tank is supported near its 
bottom, by a large number of vertical Ni-steel strips, 
which are attached to a skirt placed on the ship’s 
bottom. The lateral support is given in the upper part 
by means of two sets of tangential strips, which are 
fastened to the reinforced deck construction of the ship, 
and at the bottom by two similar sets. These strips 
cater for the forces caused by the inclination and the 
rolling movement of the ship. The strips are fastened 
to the tankwall by folding the ends around a small 
wedge and by fitting the now tapered ends in a tapered 
holder, welded onto the tankwall, as is shown in Fig. 11. 
At the other end, the strip passes through a gas-tight 
joint in the insulation-cover and has a threaded end 
which is fastened to the ship structure. The tankwall 
is reinforced at the place where the tangential strips 
are attached by stiffeners and by a double wall with a 
high resistance against bending because of its box 
form. 

The design of the tangential strip-supporting 
system is such that temperature changes in the tanks 
will not influence the tension of the strips, as shown in 
Fig. 12. This method of supporting the tanks has the 
advantage that the support forces are equally divided, 
so that the stresses in the tankwall, caused by these 
forces, are low, and that the support is elastic and that 
the heat flow through the long strips is low. Its dis- 
advantage is that the installation must be accurate. 





12—Lateral support of the container. The supporting strip ABC 
is in contact with the container over the arc AB. At increasing 
temperature A will move to A’, B will move to B’ as the 
coefficient of thermal expansion of the strip is lower than that 
of the tank. The movement of B to B’ can compensate the 
thermal expansion of CB. (Patent applied for) 
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The tanks are designed in accordance with the 
requirements of the U.S. Coast Guard and the API- 
ASME Unfired Pressure Vessels Code. 


High strength/density ratios 
The use of aluminium in the chemical industry, © 
where the allowable strength/density ratio o/p is 
important, applies not only in the field of transport 
equipment, but also for instance for ultra-centrifuge 
rotors. 
The stresses in a centrifuge rotor are governed by 


oc 


vi=- xh 
where v=tangential velocity, m/sec 
o= N/m? 
p=kg/cu.m 


h= geometry factor 
(for a thinwalled tube /=1; 
(for a constant stress disc h< 1) 


For this purpose heat-treatable high-strength Al- 
Zn—Mg-Cu alloy‘ is used, with a 0-2% proof stress 
of 50-60 kg/sq.mm (5x 108-6 x 10° N/m?). 


Conclusions 


Many good reasons exist for making chemical 
equipment in aluminium, but experience in a broad 
field is still lacking. For the designs of aluminium 
equipment an ‘aluminium minded’ attitude is necessary, 
for the specific properties of this material do not make 
it suitable for handling and treatment as steel or 
stainless steel. 
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Aluminium Welding Practice 


The paper considers the factors that affect the quality of welds in aluminium, 
made by the inert-gas metal-arc and tungsten-argonarc processes. Suitable edge 


By L. Capel 


teristics are outlined. 


preparations are illustrated, and formulae are given from which distortion can 
be calculated. Types of welding equipment are described and their chief charac- 


Considerable attention is given to the examination of welds by non-destructive 
methods, and detailed recommendations are given for radiographic methods. 


Edge Preparations 


able for the fabrication of aluminium and its 
alloys, which make it possible to attain the high 
standard required by the chemical and nuclear energy 
industries. These are the inert-gas-tungsten-arc (Tig) 
and the inert-gas-metal-arc (Mig) processes. 
Although each of these have particular applications 
the best results are generally obtained when the edge 
preparations shown in Fig. | are used; these diagrams 
are based on data used in the production of high- 
quality welded work, for which complete X-ray 
inspection is required. 
The following points influence the shape of the edge 
preparation: 


Tate are two principal welding processes avail- 


(a) The thickness of the root face is governed by the choice of 
welding process 

(5) A sound even root penetration can be achieved only by 
the use of the tungsten-arc process 

This is important in the welding of small diameter pipes, 

where the inner bore cannot be reached. In this case the 
thickness of the root face is 1-2-2 mm. However, if the Mig 
process is used, the root face must be larger (about 3 mm) 
so as to contain the very intense arc and to prevent exces- 
sive and irregular penetration; in most cases root machining 
would be necessary but this is an expensive and often 
impracticable operation 

(c) The included angle and the total width of the preparation 
are related to the diameter of the torch nozzle, to allow 
manipulation 

(d) In the case of large thicknesses, where a sealing run has to 
be applied, a part of the previously welded root run will 
have to be chipped out; this relates to the flat part in the 
case of a double-U groove 

(e) If much distortion is expected it is recommended that 
welding should take place alternately on both sides of the 
joint 

(f) With welding in the horizontal-vertical position distortion 
has to be prevented as far as possible. Correct edge prepara- 
tion and choice of welding process are of great importance 

(g) Double-operator vertical welding offers advantages with 
the edge preparation shown in Fig. 1 and results in a 
welded joint which can comply with nearly every require- 
ment. 


Double grooves which have to be welded on both 
sides must be back-chipped with great care before 
welding takes place on the second side. Special 
circular-shaped chisels, in the hands of a skilled 


operator, are necessary to obtain a smoothly shaped 
groove. 

For preparing welding edges, various machines are 
available which produce a smooth welding edge, 
complying with the dimensions specified. For long 
plate edges planing or milling may be applied; the 
clamping of the work piece has to be effected with 
great care, so that it remains flat during machining. 

The cutting speed, depth, and feed differ for the 
various alloys, which may be divided in three groups: 


(i) Non-heat-treatable alloys 
(ii) Heat-treatable alloys 
(iii) Alloys with a high silicon content. 


Some examples of machined welding edges are 
shown in Fig. 2. 

As shown in Fig. 2d it is sometimes required to 
prepare the welding groove entirely by hand as, for 
example, in the attachment of a 16in. nozzle to a 24 in. 
pipe. With the aid of a template, the parts are made 
to fit exactly with the correct groove profile to obtain 
good root penetration. 


Distortion 


Various investigators have tried to prepare formulae 
for the calculation of the shrinkage of welded seams. 
In a formula produced by Gilde! the influence of 
welding current, arc voltage, welding speed and phy- 
sical properties of the material has been evaluated, so 
that a more accurate prediction of shrinkage may be 
obtained. 

A comparison has been made between the shrinkage 
of corresponding welded seams in aluminium, stainless 
steel, and carbon steel. The shrinkages found in prac- 
tice were compared with those calculated from Gilde’s 
work, using the formula: 

0-24 x 6000. K. ax V.1.a 
Al= 
S.u.Ar 


relating to a measured length of 100 mm. 
The symbols and their values for aluminium, 
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Object to be Welded 


Downhand Welding 
Plate thickness 3-5 mm 
Welded from one side 


Plate thickness 5-10 mm 
Welded from one side 


Plate thickness 5 10 mm 
Welded from one side 
Good penetration 


Plate thickness 10-25 mm 
Welded frorh both sides 


Plate thickness 6-15 mm 
Machined side welded first. 
Back chipping and weld 
finished 


Plate thickness 12-30 mm 
Welded from wide side. 
Rootpass chipped out and 
weld finished 


Plate thickness over 25 mm 
Welded from upper side. 
Root pass chipped out and 
weld finished 


Vertical Upwards Welding 
Plate thickness 5-6 mm 
Performed with two 
welders 


Plate thickness 6-9 mm 
Performed with two 
welders 


Fillet Butt Weld 
Plate thickness 3-10 mm 


Pipewelding 
Circumferential seams in 
pipes from 2-6 in. dia. 


Horizontal-Vertical Welding 
Plate thickness 6-9 mm 


Welding 
Method 


Tig 


Tig 


Tig 


Tig 


Mig 


Mig 


Mig 


Tig 


Tig 


Tig 


Mig 


Tig 


Tig 
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Joint Preparation 
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2a-c—Machined welding edges in aluminium alloys 


stainless steel, and carbon steel respectively are given 
in Table I. 

Two plates 6 mm thick, having a length of 500 mm 
and a width of 150 mm in aluminium, stainless steel, 
and carbon steel were welded. The edge preparation 
was a 60° V-groove, without root gap. Precautions 
were taken to prevent angular distortion and heat 
losses were limited by asbestos insulation. 

The aluminium plates were welded by the Tig 
process, whereas both the stainless steel and the carbon 
steel plates were welded with covered electrodes. 


1—Edge preparations for inert-gas metal-arc welding of aluminium 
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2d—Edge preparation for branch connection 


The following data were obtained: 


Stainless Carbon 
Aluminium _ Steel Steel 
First layer: 
Vx I (Watts) 4050 2320 2100 
Ss (Layer thickness, mm) 3-6 3-4 3-7 
u (Welding speed, 
cm.min-—') 9 19 20 
Final layer: 
VxiI 4050 2550 2100 
s 5-6 2-6 2:3 
9-2 18 22 


u 
Welding conditions: 
Aluminium —Ist layer: 


2nd layer: 


Stainless steel—Ist layer: 
2nd layer: 
Carbon steel —Ist layer: 
2nd layer: 


filler rod dia. 3 mm; electrode dia. 
# in.; gas flow 8 I/min. 

filler rod dia. 4 mm; electrode dia. 
# in.; gas flow 8 |/min. 

electrode dia. 2-5 mm 

electrode dia. 3-25 mm 

electrode dia. 2-5 mm 

electrode dia. 3-25 mm 
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20-4. W. 10° 

- S.U. 

22:7. W. 10° 
S.U. 


° 3 
Al (carbon steel) = “er 


Al (aluminium) 


Al (stainless steel) = 


where W=V x I (watts) 


Table I 
Symbols and values for shrinkage formula 





Carbon 
Steel 


Stainless 
Aluminium _ Steel 
a=Temperature conducti- 
vity, cm*.sec 
A=Heat conductivity, 
onc ~“sec*, “C-* 
K=Efficiency of welding arc 
in terms of heat input to 
parent metal 
I= Welding current, amp 
V=Arc voltage V 
s=Thickness of layer of 
weld metal, mm 
a= Linear coefficient of ex- 
pansion °C~? 
The following data are also 
necessary : 
t=Time, sec 
y=Specific gravity, g.cm~* 
/= Measured length, mm 
G=Weight of plate, kg 
b=Length of plate, cm 
c=Specific heat, cal.g-! 
°C-1 


0-870 
0-55 


0-047 
0-045 


0-126 
0-11 


7-9 7:8 


0-23 0-12 0-112 


u= Welding speed,cm.min~* 
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Ly 





2 | 
Direction of welding 





Measurements were made of the transverse shrink- 
age of the weld after completion of each layer at three 
places alongside the weld, as well as the decrease in 
the width of each plate and the overall reduction in 
width of the workpiece (see Figs. 3a and 5). 

To carry out the calculation as accurately as pos- 
sible, it was necessary to know the value of the factor 
K (the efficiency of the welding arc) especially as 
different welding methods were applied. Based on 
repeated measurements the following values were 
determined: 

Aluminium —K=0-35 

Stainless steel—K=0-75 

Carbon steel —K=0-88 


The low value for the Tig welding of aluminium in 
relation to that for the covered electrodes is due to a 
larger radiation loss and to the heat absorbed by the 
gas shield. 

Substitution of the known values in Gilde’s formula 
gives the following relationship: 





3a— Welded test plate for shrinkage measurements 


3b—Plate used for shrinkage measurements 
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Table I 
Measured shrinkage values 





Aluminium, Stainless steel, Carbon steel, 
mm m mm 

Al, 4l,_ Al, 4i, Al, Al, 
1. —10 —04 -—03 -09 -—02 —0-6 
i, 2. —2:2 1-1 08 -—16 -—0-4 —0-9 
I —1:5 —13 0-4 ll -—0-4 -—0-9 

1. —-0:1 —0O°1 0-2 0-4 0 0 
L, 2. 0-1 —0O-1 0-1 —0-2 0 —0:2 
3. 0-1 —0O-l1 —0O1 0-1 0 —0:2 
1. —0-6 0-5 —0°5 1:2 -—0-2 —0-6 
L, 2. 18 —13 -—0O2 -10 -—0O5 —1°5 
3. 1-7 1-4 -0-6 10 -—0-4 —1:2 





A comparison between the actual measurements 
and the calculated shrinkage is as follows: 


Al, measured, Al, calculated, 


mm mm 

Aluminium: Ist layer —2-2 —2°5 
2nd layer —1-1 —1°6 

Stainless steel: Ist layer —0°8 —0°8 
2nd layer —1-6 —1-2 

Carbon steel: Ist layer —0-4 —0°5 
2nd layer —0-9 —0:7 


The various shrinkage values measured on the 
different plates are given in Table II. From these values 
it may be concluded that the large shrinkage of 
aluminium is mainly caused by the low welding speed 
in comparison with that of the covered electrodes. 

The relatively large heat input is compensated by 
the low K value, so that there is little difference in the 
usefully applied heat. The high value of the tempera- 
ture conductivity, i.e., a measure of the travel speed 
of an isotherm, may explain the low welding speed. 
Moreover it proves that a (small) shrinkage occurs in 
the plate by heating it. 

The impression is obtained from this investigation 
that, with stainless steel and to a lesser extent with 
carbon steel, the shrinkage is limited to the seam and 
its close surroundings. This may be an explanation 
for the smaller deformation that occurs during the 
welding of stainless and carbon steels which has also 
been found in practice. 

When the measured results are compared with those 
found by calculation a correlation is obtained within 
certain limits, so that the formula will give a reasonable 
prediction of the shrinkage to be expected. 

Only the values measured in the centre of the work 
piece are comparable because it is only here that the 
welding conditions are in balance; the heat flow is not 
limited to one direction as it is at the beginning and 
the end of the weld. 

However, some methods can be mentioned by 
which the shrinkage may be limited; for example, the 
use of high welding speed and a high energy input for 
comparable quantities of deposited metal. The inves- 
tigation indicates advantages for the Mig welding 
process. As in the case of other materials the welding 
of aluminium requires special precautions to limit the 
shrinkage, e.g., clamped welding, close joint welding, 
or a welding method by which symmetrical shrinkage 
occurs (e.g., double-operator vertical welding). 
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Inert-Gas Metal-Arc Welding Equipment 


Welding equipment has to comply with many re- 
quirements, but after various investigations and 
measurements it has proved possible to analyse several 
factors which influence the operation of the welding 
process. 

The welding equipment normally comprises a weld- 
ing transformer, an arc stabiliser, cables and a torch 
and, in some cases a d.c. suppressor. 


Transformer 

The welding current is obtained from the a.c. mains 
supply through a welding transformer. This trans- 
former must have, for tungsten-arc welding, a higher 
duty cycle, for changing of electrodes does not occur. 
Some characteristics, such as arc stability, tendency 
to extinguish the arc, arc noise, and tendency to 
spattering may influence the qualification of the trans- 
former. It is our impression that, in principle, these 
characteristics do not directly influence the heat 
capacity of the welding arc, but that they govern the 
ease with which welding takes place. An effective 
method for checking these characteristics is not known 
and is still a subject of research. However, in the 
meantime, it is recommended that the transformer be 
considered only as a source of energy and that an 
improvement in the characteristics should be at- 
tempted by means of auxiliary equipment. 

From observations during welding it has been 
determined that: 


(i) A 10% variation in the primary voltage of the mains does 
not cause trouble 

(ii) An open-circuit voltage less than 50 V has an unfavour- 
able influence on the stability of the arc. (The arc voltage 
normally is 22-25 V) 

(iii) The phase-shift between current and voltage on the 
secondary side is difficult to determine and is probably 
not important for the welding process. The phase-shift in 
the primary side is not important 


(iv) There is a relationship between the dynamic characteristics 
of the transformer and the quality of the welding arc; this 
is a subject which is under research at present. 


A fact which has come to light during this investi- 
gation is that an induced voltage of 140 V and higher 
can occur when the polarity of the electrode is changed 
from negative to positive. Often it is possible to make 
use of this feature, for it provides increased stabilisa- 
tion. However, the effect is not reproducible and it is 
not therefore advisable to rely on it; proper auxiliary 
equipment is required. 


Arc stabiliser 

By the application of a stabiliser it is possible to 
strike the arc and to keep it burning without touching 
the parent metal. It causes ionisation of the arc gap 
so that restriking is possible, and it should also have 
sufficient energy to initiate thermal emission. 

The two main methods of arc stabilisation are: - 


(i) The h.f. spark unit by which a high-frequency discharge is 
superimposed on the welding current 

(ii) The surge injector unit; a short impulse (10-300 sec) 
with an amplitude of 200-400 V is superimposed on the 
welding voltage during the zero-passage of current. 


Arc re-ignition is more precise with the surge- 
injector than with the h.f. unit. It has been clearly 
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shown that in the latter the discharge of the spark 
should take place at the exact moment when polarity 
of the welding voltage is changing. This is attained by 
connecting the welding transformer to two phases of 
the alternating current mains and connecting the h.f. 
unit to the third phase and to neutral. 

The spark length must be at least 2-4 mm with the 
transformer switched off. A longer spark length indi- 
cates that the equipment is not properly adjusted, so 
that the energy of the discharge decreases. 

The surge unit injects on the welding voltage an 
impulse which has sufficient tension to initiate re- 
ionisation and moreover to put such a quantity of 
energy into the arc that thermal emission may start. 

The more definite character of this impulse is a 
great advantage in comparison with h.f. stabilisation. 
Based on measurements it has been shown that in 
stabilisation by surge injection a single cycle of the 
welding voltage is missed. 


D.C. Suppressor 

When welding aluminium by the Tig process a d.c. 
component arises in addition to the alternating cur- 
rent; the effects of this are: 


(i) The d.c. magnetisation of the iron core of the transformer 
which adversely effects the loading on the machine by the 
development of extra heat 

(ii) A symptom which may be considered as a displacement 
of the zero-line of the secondary current, such that the 
positive half-cycles are diminished in value and thus 
reduce the cleaning effect of the arc. 


These effects can be eliminated by a suitable capaci- 
tor connected in series with the welding circuit. 

It is known that some welders prefer to use a 
capacitor when putting a root in aluminium tubes, so 
that excellent root penetration is obtained. The filling 
of the remainder of the joint can then be executed 
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without the capacitor. This is probably due to the 
elimination of the d.c. component which causes a 
different heat distribution between electrode, parent 
metal, and the arc. 


Cables and torch 


When using stabilising apparatus it is found that 
h.f. energy may be lost by stray capacity in the water- 
cooled cable, resulting in arc-extinction and interrup- 
tions during welding. In this case good inspection is 
recommended and particular care has to be taken to 
ensure that the conductivity of the water is as low as 
possible. 

In brief, the requirements for Tig welding as far as 
they are known up to now, can be summarised as 
follows: 


(i) The transformer must be capable of working at a suffi- 
ciently high duty cycle . 
The dynamic characteristics of the transformer are im- 
portant. It may be that in future these characteristics can 
be determined numerically 
The arc-stabiliser has to stabilise the welding current 
completely; in other words no interruptions longer than 
the duration of a half-cycle may occur. The stabiliser must 
not interfere with radio or T.V. 
At the choice of the welder, a d.c. suppressor can be fitted 
Cooling has to take place by means of fresh water. In case 
of trouble check whether the cooling water is dissipating 
h.f. energy by temporarily removing the earth-connection. 
(With impulse stabilisation this check is superfluous 
(Fig. 4).) 


(ii) 


(iii) 


(iv) 
(v) 


Defects in Welds and Their Repair 


For welding aluminium it is recommended that the 
conditions be chosen to ensure a minimum possibility 
of making defects. The following points are of par- 
ticular importance: 





4— Welding set for tungsten-inert-gas welding of aluminium 
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(a) By paying attention to the position and the accessibility 
of the joint to be welded during the planning of the job a 
lot of trouble in fabrication may be avoided 

The welding edge must be accurately prepared and the 
seam must be assembled exactly in line. If preheating is 
necessary precautions must be taken to ensure that the 
seam does not show any deviation. 

The root face of U-groove welds in pipes requires great 
care in fitting, so that a smooth root penetration is 
obtained 
The choice of filler rod is governed among other factors by: 

(i) The requirements for the mechanical properties of 

the joint 
(ii) The requirements for the corrosion resistance of the 
joint 

(iii) The surface finish of the completed weld 

(d) If preheating is necessary electric heating is preferable, 
although in practice this is difficult to apply. In most cases, 
propane burners are used and continuous checking of the 
temperature is necessary by special temperature-indicating 
crayons; the indication marks should be made some dis- 
tance from the weld 

(e) The condition of the welding plant must be satisfactory. 
Special attention should be given to: the connections of 
the hoses, so that no leakage can occur; sufficient cooling 
ofthe torch; the condition of the tungsten-electrode and 
the gas nozzle. It is also important that the argon gas is 
dry and of high purity 

(f) The electrical apparatus must also be correctly adjusted 

sO as to give: correct spark length of the h.f. unit with 

disconnected transformer; correct connections of current 

and earth lead; correct phase difference between h-f. 

discharge and welding voltage; correct size of the tungsten- 

electrode for the current to be used 

Immediately before welding, the welding edges and a strip 

of the parent metal on both sides of the welding groove 

must be cleaned, preferably by scraping. The filler wire 

must be ground. A starting strip for striking the arc is 

required 

Tack welds must be carefully made to ensure that they are 

faultless; any cracks must be carefully chipped out. 


(b 


— 


— 


(c 


~~ 


(g 


(h 


~~ 


In spite of great care in welding, there may be weld 
defects which may be revealed by radiography or 
penetrant inspection, e.g.: 


(i) Lack of fusion 


(ii) Gas inclusions 
(iii) Cracks 


(iv) Incomplete root penetration 
(v) Oxide inclusions 
(vi) Tungsten inclusions 


It is our impression that the defects described under 
(a), (d), (e), and (f) are a function of the skill of the 
welder, whereas the defects mentioned under (5), (c,) 
and (e) may in addition be due to the quality of the 
parent and filler metals. The tests described in the next 
section are of importance for this purpose. 

When aluminium welds have to be repaired to re- 
move inadmissible defects, the repair work must be 
carried out very carefully. Chipping and/or grinding 
have to be carried out as indicated by the radiograph 
until the actual defect is found, a regularly bevelled 
groove must be formed in which rewelding can take 
place. 

In general, especially for aluminium alloys, the 
mechanical strength in the region of the repair will be 
diminished. This is shown by the following example. 

A 6 in. dia. pipe made of a heat-treatable alloy was 
welded in the downhand position. Four segments 
were then chipped out and rewelded with 1, 2, 3, and 
4 runs respectively, such that each part had been 
welded, 1, 2, 3, and 4 times. From each segment two 
test pieces were made and tested. The following 
results were obtained: 


(i) The number of cracks increased in proportion to the 
number of runs 
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5—Decrease in tensile strength of repaired aluminium weld 


(ii) The tensile strength of the welded joint decreased in 
proportion to the number of runs although an allowable 
value remained, the fracture occurring alongside the weld 


(Fig. 5). 
Tensile strength, kg/sq.mm 
Bar ] run 2 runs 3 runs 4 runs 
1 11-8 11-1 10-6 9-9 
2 11-5 10-9 10-1 9-8 


Much trouble can be experienced in the repair of 
plates which are welded by one or two passes only. As 
an example, a plate with a thickness of 6 mm is taken 
to illustrate this problem. 

When a severe fault has been found in a weld, rela- 
tively deep chipping-out may be necessary. The bottom 
of the groove for the repair welding is weld metal, and 
in many cases grain growth will have increased crack 
sensitivity. Radiographs will show clearly what has 
happened and in some cases the weld quality will be 
seen to have diminished. It is then recommended that 
a portion of the weld seam be removed and replaced 


REPAIR NUMBER 





No. OF X-RAYS TAKEN 


6—Histogram of the possibility of repairing a defect in an 
aluminium weld 
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by a piece of the plate material which has been suitably 
prepared for welding in. Figures from practice show 
that the number of repairs to a given section of a weld 
should be limited to three. A chart taken of 100 
defective welds is shown in Fig. 6. This shows that 
the chance of a successful repair after the third repeat 
is rather poor. One of the causes of this may be that 
the chipping out and rewelding has extended the width 
of the weld metal so that any repairs in excess of three 
are often carried out in a groove formed entirely in 
weld metal. 


Crack Sensitivity of Various Aluminium Alloys 


During the welding of aluminium tubes (quality Al- 
Mg-Si—H9—(AA 6063)), it became clear that cracks 
occurred in welding the root pass. This gave rise to 
a more intensive investigation. 

In general, 4 in. pipes were considered of quality 
T4, after which they were heat-treated to obtain the 
T6 condition. 

The quality required for these welds was very high. 
All welds were subject to X-ray inspection, and the 
only defect acceptable was a single gashole. In addition 
the root penetration had to have a regular and smooth 
appearance. 

It had been found that welding aluminium in the 
horizontal-vertical position was difficult if non-porous 
welds were required. However, welding pipes that are 
fixed horizontally is most difficult for the welder, 
because, to obtain even root penetration on the inside 
of the pipe, he has to manipulate his torch accurately 
so as to keep it in a constant relationship with the 
molten weld pool. 

From experience with welding mild and stainless 
steel piping for high-pressure and temperature service, 
it is well known that the production of a perfect root 
pass in a pipe is difficult. Such a perfect root pass is 
attained only after a long training period, during 
which the actual working conditions are simulated as 
closely as possible. Many gas-inclusions were ob- 
served in the welds in our early work. 

When, by certain procedures, the porosity was 
reduced to an acceptable level many cracks were found 
to be present. All root passes were tungsten-arc welded 
using filler rods of Al-5°% Si alloy. 

The compositions of the material and filler wire 
were as follows: 


H10 AI-5 %Si 
09 O8 - 1:2 0-05 


H9 
Mg, % 0-45 
o 06 O4 - O8 45 - 6 


Si,% 02 - 
Very careful inspection of the radiographs, which 
were made immediately after welding of the root pass, 
proved that many of these root welds contained one 
or more small cracks. Often, the percentage of crack- 
free welds was very low. 

From a large series of welding tests 17 were selected 
for further investigation. It had been shown that small 
cracks on the inside were not visible on the radiograph 
but could be observed after sectioning the root pass. 
The welds were sectioned at places where cracks were 
indicated and at crack-free places as shown by the 
radiograph. The sections were then examined micro- 
scopically; the percentage dilution was also deter- 
mined. 





7—Deeply penetrating crack in Al-Mg-Si tube weld 
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8—Crack sensitivity diagram, on which the results of investiga- 
tions on different welds are marked 


Micro-examination showed cracks which, in some 
cases, penetrated deeply into the weld, as may be seen 
from Fig. 7. From the dilution determined the Mg 
and Si contents of the weld metal, which has a homo- 
geneous chemical composition, were calculated. 

With the aid of these calculations a curve showing 
the susceptibility to cracking was drawn (Fig. 8), in 
which is also indicated whether or not cracks were 
discovered; the dilution varied from 45% to 79°. 
The points within the $ in. curve show the results of 
ring cracking tests; it should be mentioned that the 
cracks were very local. From the literature it is known 
that, in addition to the composition of the weld metal, 
other factors also influence the formation of a crack. 
However, from this investigation it is clearly shown 
that dilution greatly increases the risk of cracking. 

Based on the results shown in Fig. 8 it may be con- 
cluded that there are two methods which may be 
employed to obtain an improvement in quality. Firstly, 
by using filler rods with a higher Si content, so as to 
give a higher Si content in the weld at the same dilu- 
tion, and so shifting the position in the diagram to the 
safer area. The effect of the higher silicon on corrosion 
resistance should be considered in each case. 





—— 
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Secondly, by obtaining an extremely convex root 
run which will be composed largely of filler metal. 
The thickness of the root face should be reduced as 
far as possible. These modifications result in a root 


Section A Section B 


9—Root runs in an aluminium pipe weld 


run shape A as compared with the original shape B 
(Fig. 9). 

With shape A the Al-5S% Si filler metal may be 
retained, but the execution of the weld has to be with 
the small root face so that there is no risk of fracture 
in the heat-affected zone. 

The Houldcroft test was used for arriving at a 
comparison between the various types of aluminium 
alloys. These ‘Edge-start cracking tests’ were carried 
out in k6 mm thick test plates taken from 6 in. pipe 
with a wall thickness of 10 mm. The results were as 
follows: 


Length of crack.mm 


Cracking Test Parent Filler In At x10 
No. Material Material Radiograph magnification 
1 H9 None 37 37 
2 H9 None 32 32 
3 H9 None 38 38 
4 H9 Al-5 %Si 9 18 
5 H9 Al-5 %Si 8 23 
6 H9 Al-5 %Si 25 38 


Welding took place both without filler metal and 
with welding wire of the Al-5% Si type. It was found 
that sometimes the length of the crack, measured at a 
small magnification, was larger than as indicated by 
the radiograph. Indeed the parent metal is very sus- 
ceptible to cracking, whereas an addition of Al-5% Si 
filler metal shows an improvement, although this is 
very small. 

The difficulty of keeping the dilution constant when 
filler metal is used must be mentioned. This is also 
shown by the rather large differences in the lengths of 
the cracks found in the three tests made, which may 
in fact be due to our brief experience with this type 
of cracking test. 

Skill 

In the early part of this century welding technique 
was still in the early stages of development. It is well 
known and understood that the skill required in the 
pioneering days of welding is no longer comparable 
with the skill now demanded of the welder. 

The welder engaged in routine arc welding of mild 
steel, e.g., in the shipbuilding and structural industries, 
is practising a job for which the technique has been 
stabilised. The average welder has to pay attention to 
the following four points: 


(a) Is the connection of the welding machine correct? 

(6) Is the current setting appropriate to the diameter of the 
electrode? 

(c) Is the electrode dry? 

(d) Is the welding position the most favourable? 


When these points have been attended to, welding 
starts. After the electrode has been deposited, the slag 
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will be removed from the weld, and in some places 
crater cracks may have to be removed. 

It can thus be shown that the check-list for the 
average welder is rather small and that he has only to 
pay attention to the four points mentioned, of which 
the greater part is still incorporated in the daily routine 
work. 

It is possible that the pioneer welder in the early part 
of the century was something of an artist, but today 
all artistry has disappeared from ordinary labour. 
With further development of the technique further 
processes have also arisen. During World War II, for 
example, inert-gas-tungsten-arc welding was developed 
for which the apparatus and the technique ask for 
more attention from the welder than does ordinary 
arc welding. 

In comparison with the four routine check points 
for arc welding, tungsten-arc welding needs twelve. 
There is also further specialisation in this process and 
more recently the inert-gas-metal-arc process has 
arisen. From a technical aspect this is a normal 
development in an expanding technique. 

The basic technique is routine work, but branches 
are developed which require more specialisation and 
greater concentration on the part of the operator 
(Fig. 10). 

It is our experience that aluminium welding of high 
quality requires great concentration and skill. For a 
recent installation constructed in aluminium pipe, for 
which the highest standards were set, the check list for 
the welder contained about 50 points as shown in 
Table II. 





10—Tungsten-arc welding requires concentration and skill 
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Table III 
Check list for pipe welding 





1 
6 
7 
8 


10. 
11. 
12. 


25. Dimensions of welding 


45 


47. 


2 
3 
4. 
» 
9 


. Workshop 


” 


. Sitework 


” 


. Workplace 


” 


groove 


. Remarks 


” 


” 


Temperature 
Free of draught 


Weather 
Temperature 
Wind 


Is workplace fenced-in? 

Is_ scaffolding satisfactory for 
welding? 

Are surroundings restful? 


oa ad clean? 

Who besides the welder and his 
helper are within fenced-in area? 
Are all welds accessible to the 
welder? 

Has the management on site been 
informed that welding is about to 
take place? 


Is transformer continuously con- 
nected? 

What type of transformer is used? 
Are hoses and cables in good 
condition? 

Is electrode correctly ground? 
Was end of filler rod cut off? 
Diameter of electrode 

Projection of electrode beyond 
nozzle 

What nozzle size has to be used? 
Is nozzle entirely clean on both 
inside and outside? 

Make of welding wire, type, 
diameter 

Was wire stored in a dry place? 
How was wire cleaned? 


Welding groove prepared by... 


Bottom width of groove 

Top width of groove 

Root face thickness 

Are root faces fitting exactly 
against each other? 

Surface condition of welding 
groove 

Scraping of groove surfaces 

Are sharp edges removed and 
smoothly finished? 


Is pipe to be welded sufficiently 
supported? 

Is pipe closed at top? 

Is pipe open at bottom? 

Is pipe internally heated from 
bottom? 

Has electrical preheating taken 
place? 

Is adjacent pipe covered by means 
of asbestos blankets? 

Are temperatures _ electrically 
measured? 

Are all tack welds sufficiently 
chipped out? 

Are craters chipped out correctly? 
Welding current 

Gas flow 

Is arc sputtering? 


Wooden plugs are not allowable 
Brushing should only be used 
lightly especially on hot tube 
Filing not allowable, unless fol- 
lowed by firm scraping 
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It is clear that this task is too complicated for the 
average welder. A number of these points can be 
centrally complied with in shop welding, but on site 
this is more difficult because the welders are working 
more on their own. 

In practice this mears that each welder has a helper 
with him, so that the welder will be able to concentrate 
on his arc. This helper gives not only manual aid but 
generally he should also have sufficient knowledge to 
be able to realise the importance of the points on the 
check list. 

From the foregoing it is clear that the level of skill 
required by both these people is rather high. Moreover 
—and this is based on our own experience—the welder 
should be very energetic and must not be too disap- 
pointed in case of bad luck; he should have an ‘angel’s 
patience’! 


Safety Precautions 


Owing to the intensive ultra-violet radiation from 
the arc, extra dark glasses are used in the helmet; it is 
recommended that well-closed clothes should be worn 
and that ultra-violet absorptive paint should be used 
on the surrounding walls. 

Protective gloves, although they are not very prac- 
tical for the welder, are necessary so as to prevent 
burning of the skin. 

Working with de-greasing liquids such as tri- and 
tetra-chlorethylene is to be avoided owing to the 
development of phosgene gas near the welding arc. 

Nevertheless, for welding aluminium, the foregoing 
precautions generally involve no hindrance to the 
welder. 

It is evident that the work must be carried out in 
well ventilated rooms. For safety’s sake it is recom- 
mended that adjacent personnel make use of safety 
spectacles, so that the risk of ‘arc-eye’ is limited. 
Ordinary glass already gives a certain protection to 
the eyes against ultra-violet radiation. 


Non-Destructive Examination of Aluminium 
and Its Alloys 


Radiography 

Based on experience gained during X-ray inspection 
in aircraft construction, the periodical examination of 
aircraft parts, and that made during the examination 
of welds for the Nuclear Reactor at Petten, it is pos- 
sible to give an impression of the problems connected 
with the radiography of aluminium. 

For good interpretation of the radiograph, it is 
necessary that the highest quality X-ray technique be 
employed; this is particularly important in view of 
the very fine indications which may be seen in radio- 
graphs of aluminium welds. 

It is known that high image quality is claimed for 
radiographs of steel, and there are many factors which 
may influence the quality of the radiograph. For 
aluminium, these factors are of greater importance. 
Based on the following survey, only some of them will 
be explained, since it is not possible to deal with all 
factors relating to the image quality. However, the 
quality of a radiograph depends largely upon the 
sharpness of the radiographic contrasts (see Fig. 14). 
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(1) Inherent unsharpness as a result of scattered radia- 
tion in the film emulsion 

This unsharpness increases in proportion to the 
energy of the X-ray source. The absorption capacity 
of aluminium being considerably lower than that of 
steel, it may be possible to use a lower kilovoltage 
than with similar thicknesses of steel. 

The scattered radiation in the emulsion will there- 
fore become smaller, so that the unsharpness will be 
reduced. 

(2) Unsharpness as a result of graif size, thickness of 
the emulsion layer, and double emulsion layer 

This depends on the type of film (high speed or fine 
grain). It is important to choose the correct type of 
film, as governed by practical considerations. 

In view of the nature of the defects which may occur 
in aluminiim welds a fine-grain film is preferable. The 
double emulsion layer is—especially for the examina- 
tion of pipe welding—disturbing because of the so- 
called ‘image shift’. This image shifting necessitates 
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1 1a—~b—Films in flat position in contact with weld 


that, for pipe welding, more exposures have to be 
made (Figs. lla and 5). 
(3) Unsharpness due to the development process 

To avoid this unsharpness as far as possible, a 
developer must be used which is specially adapted to 
the fine-grain film. 
(4) Unsharpness due to the use of intensifying screens 

For the examination of steel in the Netherlands, salt 
screens are rarely used, and for aluminium neither 
salt nor lead screens are applied. This is due to the 
small absorption capacity of aluminium and the small 
kilovoltage which is required. The application of lead 
screens is useful only when the required voltage ex- 
ceeds 120 kV. At below approx. 120 kV the lead screen 
will not have an intensifying effect, but it will result in 
poorer contrast; thus a higher kilovoltage than is 
strictly necessary would therefore be required. 
(5) Outside unsharpness 

As far as the outside unsharpness is concerned, the 
important factors do not differ from those which 
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influence the examination of steel. The small absorp- 
tion capacity of aluminium alloys means that the focal 
spot of the X-ray tube can be smaller, because of the 
lower kilovoltage needed. By using an apparatus 
adapted to this smaller voltage it is possible to make 


Useful film length 





11c—Film around weld 


the film-focus distance smaller. This is of particular 
importance for the examination of pipewelds (Fig. | 1c). 
(6) Contrast 

The contrast depends to a large extent on the X-ray 
technique. 

(7) Type of film 

The choice of the film in relation to the grain size 
and the unsharpness for the examination of aluminium 
has already been mentioned. Contrast depends on the 
fineness of the grain; with a coarse grain size the 
contrast is less than with a fine-grain film exposed at 
the same kilovoltage. The choice of the film thus 
depends not only on the sharpness but also on the 
contrast; for optimum results it will be necessary to 
select a fine-grain film. 

(8) Type of apparatus 

The difference between a d.c. and an a.c. apparatus 
is very small, so that a.c. apparatus is preferred be- 
cause of its easy manipulation. 

(9) Filters 

The best contrast will be obtained when the lowest 
kilovoltage is used. It is therefore important to make 
as much use as possible of the so-called ‘soft’ rays by 
preventing their absorption by the frame of the X-ray 
tube. To achieve this, it is recommended that use be 
made of X-ray equipment in which the frame is made 
from beryllium, which has a very small absorption 
capacity. 

(10) Kilovoltage 

It is evident that the kilovoltage is related to the 
thickness of the material to be X-rayed, but sometimes 
the shape of the object (large differences in thickness) 
makes it necessary to use a higher kilovoltage so as to 
attain a greater contrast. Moreover, the product 
‘milliampere-minute’ must also be related to the 
thickness. 

(11) Exposure technique (see Appendix) 

It has been stated that the examination of welds in 
aluminium is, in principal, similar to that of welds in 
steel. Only for the examination of pipe welds is there 
a difference, because not only is the complete weld 
examined but, in the first place, the root pass is 
checked. When this is proved to be satisfactory the 
weld is completed and finally radiographed. 











CAPEL: ALUMINIUM 


(12) Fog 

It is necessary to protect the film by means of lead 
on the side opposite to the X-ray source, so as to 
avoid fogging the film by reflected rays. 

With aluminium the use of soft rays produces an 
effect which will manifest itself as lines on the film. 
This is the so-called ‘Laue-effect’. The extent to which 
these lines appear depends largely on the structure of 
the material (Fig. 12). 

(13) Darkroom technique 

It would take too much space to deal with this 
subject in detail so only a few short remarks will be 
made. 


Type of developer: To be related to the film. 

Use of glacial acetic acid: This is used to neutralise the 
developer, so that fog will be avoided and the film will be 
bright (contrast improvement). 

Age of developer: Hydrochinon and Metol, being additives to 
the developer, have a different affinity with oxygen, so that 
in time the composition will become unbalanced and the 
quality of the radiographs will suffer. 

Developing time: Too short or too long a developing time 
results in poor contrast and an enlarging of the grain size 
of the film. 

Age of films: Films which have been kept in stock for a long 
time show a tendency to fog, which will diminish the 
brightness of the image. 

Film defects caused by handling: The handling of the film is 
very important, since carelessness may damage the very 
fine image and hamper the interpretation. 

Film production defects: \t is necessary that attention be paid 
to this point, since production defects may interfere with 
the interpretation of the radiograph. 


Lead screen 
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All these points, so far as the darkroom technique 
is concerned are, in line with current practice. 
(14) Interpretation 

A good technique shows both the defects in and the 
structure of the weld. The difficulty is therefore to 
distinguish between very fine defects and the structure. 
It is necessary to have experience for the correct 
interpretation of aluminium radiographs. 
(15) Defects that can occur in welds 


E=cracks 
Ea=longitudinal cracks 
Eb=transverse cracks 
Ec=crater cracks 


A= gaspores 
Aa= porosity 
Ab= worm holes 


B=slag 
Ba=slag of any shape 
and direction 
Bb=slag line 


F=undercut 


G=slag inclusions 


C= lack of fusion H=tungsten inclusions 


D= incomplete root 


I= oxide inclusions 
penetration ° 


Ultrasonic examination 

It is understood that the ultrasonic examination of 
aluminium welds does not differ from the technique 
applied to the examination of welds in steel. 

Examination of welds in relatively thin plates 
(12 mm and less) is, as in the case of steel, more 
difficult than the examination of thicker material. 

In the main, the difficulty is the exact determination 
of the location of defects, which is required for a good 
analysis of the observed discontinuities. 

In thin plate, the bead is relatively thick and can 
reflect the waves, so making the examination more 
difficult. 

(1) The structure 

No difficulties have been reported in the ultrasonic 
examination of welds in aluminium arising from the 
material structure, such as are experienced in the 
examination of welds in stainless steel. In general it 
appears that the method, in this respect, also as it 
concerns the accoustic coupling between probes and 
material, is more favourable. 

(2) Refraction 

A point which has to be considered is that, owing 
to the difference in velocity of ultrasonic waves in steel 
and aluminium, angle probes have to be corrected 
when they are set for steel. Not only is there a differ- 
ence in the angle of refraction, but the probe index is 
also changed. 

(3) Reference block 

It is necessary to calibrate and check the apparatus 
and probes on an aluminium reference block. 
(4) Analysis of defects 

An exact analysis of defects is not yet possible. It is 
even doubtful whether some of the discontinuities 
which may occur in aluminium welds can in fact be 
identified by a normal technique; for example, oxide 
inclusions and incomplete root penetration where the 
root faces are completely in contact. 

It is therefore an open question whether at present 
ultrasonic inspection is satisfactory for finding these 
defects economically. 


Penetrant testing 
For the surfaces of welds in aluminium the method 
pre-eminently suitable is the penetrant test. 
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As an example, for tack welds in which the occur- 
rence of crater cracks is feared, this method is most 
effective. The penetrant liquids used may be of the dye 
or fluorescent types. Nowadays various very useful 
variations of these types are on the market; and it is 
largely a question of taste in a figurative sense, and 
perhaps of smell in a literal sense, which decides the 
type to be chosen. There is yet no good method of 
checking and comparing the various penetrants 
available; indeed, various suggestions have been made 
and this subject is also under investigations by Com- 
mission V (E) of the IIW. 
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Technique 
The technique of penetrant testing involves: 
(a) Thorough cleaning 
(6) Sufficient time 


(c) Careful elimination of superfluous penetrant 
(d) Still more careful addition of the developer. 


It is usual practice for each manufacturer to supply 
his own instructions for use with his liquids, and in 
these instructions important variations occur. 

It may still be of use to point out the importance of 
a good developer. It is the general opinion that the 
penetrant liquid itself is the most important factor, 
but in our view a good developer is at least, and per- 
haps still more, important. 


APPENDIX 


Method I 
Focus-film distance 80 cm: Films in flat position in 
contact with weld. 
Exposure technique incorrect because: 
1. Arrangement of apparatus gives difficulties: 
(a) large focus-film distance cannot always be 
complied with 
(5) incident angle difficult (see Fig. 13a). 






Emulsion layer 
at back 


Base 


Emulsion layer 
at front 


13a—Film around weld 


2. Incident angle (Fig. 13a) gives a risk that root of 
weld may be missed. 

3. Usable film length short, owing to: 
(a) increase of wall thickness (large) (see Fig. 135) 
(b) density variation (large) (see Fig. 135) 
(c) figuration defect on film (large) (see Fig. 130) 
(d) unsharpness increases towards sides of film. 





Back » } Front 


135—Position of film during examination 


Radiographic Exposure Techniques 


4. Long exposure time in connection with focus—film 
distance. 

5. Large number of exposures is necessary owing to 
the short usable film length. 


Method II 
Focus-film distance 80 cm: Film around the weld 

Exposure technique incorrect, because: 

1. Arrangement of apparatus gives difficulties: 

(a) large focus-film distance cannot always be 
complied with 

(6) incident angle difficult. 

2. Incident angle gives the risk that the root of the 
weld is missed. 
3. Usable film length short, owing to: 

(a) increase of wall thickness (large) 

(b) density variation (large) 

(c) figuration defect on film (large) 

(d) unsharpness increases, somewhat less than 
with Method I, but image shifting effect is 
found owing to double emulsion layer (see 
Figs. lla and 5) 

4. Long exposure time in relation to focus—film 
distance. 

5. Large number of exposure in necessary. 

Note: for the interpretation of the films the double 

emulsion layer has to be taken into account. 


ee ee 


Useful film length 





13c—Focus-film distance as short as possible 
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( Scattering of electrons in emulsion 
| Grain size 

Thickness of emulsion layer 
Double emulsion 


Development process 
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Type of film 

Type of apparatus 
Filter number 
Kilovoltage 
Milliamperage 
Exposure time 
No-image forming rays 
Shape or object 





— EXPOSURE TECHNIQUE 





— Conirast 
Type of developer 

Use of glacial acetic acid 
Age of developer 
Developing time 

Age of film (fog) 

Film handling defects 
Film production defects 
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— DARKROOM TECHNIQUE 


14—Factors which"influence the exposure quality of radiographs 


Method III 
Focus-—film distance as short as possible 

All disadvantages mentioned for Methods I and II 
are diminished. 

The only disadvantage is that the outer unsharpness 
is increased considerably. However, this objection can 
be remedied by application of an X-ray tube having a 
very small focal-spot (Fig. 13c). 








Method IV 
Central arrangement of X-ray source: Film around the 
entire weld 

This is the most ideal arrangement, but the focal- 
13d—Central X-ray source, with film all round weld spot must be very small (Fig. 13d). 
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A NEW 


POST-GRADUATE 
COURSE IN 


WELDING 
TECHNOLOGY 
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It is with muc*® pleasure that the Institute is able to announce the organisation 
of a Post-Gré 'uate Course in Welding Technology, which the Ministry of 
Education has -et up in response to the representations of the Institute of 
Welding and the British Welding Research Association, at the College of 


Aeronautics, Cranfield; this Course will open in the Autumn of this year. The 


prospectus is printed below. 

Already the minimum enrolment to ensure the holding of the Course has been 
secured as a result of promises from A.E.I. (Manchester) Limited, British 
Oxygen Company Limited and Whessoe Limited. The British Oxygen Company 
has also promised to endow two Bursaries for a period of seven years, the 
candidates to be selected by the Institute. 

In the U.S.A. and in the U.S.S.R. provision for the education of Welding 
specialists is of long standing, so that the supply of qualified men far exceeds 
what is available in this country. This new course is, therefore, a most important 


development. 
Prospectus 


Purpose and Content of the Course 


The purpose of the course, which has been sponsored by 
the Institute of Welding and the British Welding Research 
Association, is to provide students of graduate status in 
either metallurgy or engineering with a specialised training 
to fit them for posts in the design, development and pro- 
duction departments of the many industries where welding 
is now vital. To do this, a range of subjects will be covered 
with a particular concentration on (a) the special metal- 
lurgical consideration inherent in welding; (6) the welding 
processes, their characteristics and fields of application, 
and (c) design for welding and the essential production tech- 
niques. The course is thus a compound of mechanical and 
civil engineering and metallurgy, and has been organised 
with the object of producing a specialist in welding science 
and technology, capable of appreciating and dealing with 
the special problems which welding raises, and competent 
to advise on and direct the course of developments in the 
field. 

Although the main content of the course is common for 
all types of student, special provision is made at the 
beginning of the course to strengthen the metallurgist’s 
knowledge of engineering and the engineer’s knowledge 
of metallurgy. In a few cases, it may be possible for indi- 
vidual students to give some special attention to specific 
topics which may be of particular interest to them and to 
their organisations, but this will be exceptional rather than 
usual. 

The course is designed to be comprehensive, and an idea 
of its scope may be gained from the following summary. 

The metallurgical teaching will include lectures on ap- 
plied metallurgy generally, particularly in relation to steels, 
as well as those special questions raised by the welding 
process; solidification, the heat-affected zone, the funda- 
mental character of the weld metal, and so on. The mech- 
anical properties of welds and welded assemblies will be 
extensively treated, including brittle fracture, creep, fatigue, 
residual stresses and crack-initiation and propagation. 
Methods of inspection and testing by both non-destructive 
techniques and by mechanical test, and the technology of 
all the welding processes will be covered by the teaching 
and will be directly demonstrated. The design teaching will 
include basic instruction in stress analysis and in the 
principles of elastic and plastic design, and will extend this 
theory to the specific case of welded structures, and to an 
examination of welded joints and connections. The most 
important consideration in design is to develop in designers 
a feeling for the special factors which arise in welded 
assemblies, so that the whole project before them can be 
seen in these terms. The special electrical considerations 
which arise in welding, as well as the production aspects, 
industrial organisation and automatic control will also be 
thoroughly examined. 


_ A vacation course in practical arc and gas welding is 
included in the programme to introduce students to the 
essential “‘feel”’ of the subject. 


Award of Diploma 

Students who attain a satisfactory standard in the course 
will be awarded the Diploma in Advanced Engineering 
(D.A.E.) 


Standard of Entry 

All candidates will, in the first place, be interviewed by 
the Head of the Department of Materials or his nominee. 

The level of instruction will be post-graduate and the 
candidates will normally be expected to hold honours 
degrees of approved universities in appropriate subjects. 
The College Board of Entry may require candidates to 
take either an oral or a written examination. 


Duration of the Course 
The course will take place during the Autumn, Spring 
and Summer terms of the academic year 1961-1962. The 
dates for the terms are: 
Autumn Term 9th October to 15th December, 1961. 
Spring Term 15th January to 30th March, 1962. 
Summer Term 30th April to 6th July, 1962. 


Cost 
The charge for tuition and residence for the complete 
year are as follows: 
Tuition— 
British Students, £75. 
Commonwealth Students, £250. 
Foreign Students, £350. 
Residence—£126 10s. Od. 
The residence charge includes the cost of full board 
during the terms and the rent of an individual study- 
bedroom. 


Bursaries 

Students of British nationality domiciled in the United 
Kingdom who are accepted for entry to the course are 
eligible, if not already supported by a sponsoring firm or 
institution, to make application for a grant from the 
College Bursary Fund. 

An individual concern will support two Bursaries to 
encourage engineers and metallurgists to enter the welding 
field. 


Applications 
Forms of application for the course may be obtained 
from: 
THE WARDEN, 
THE COLLEGE OF AERONAUTICS, 
CRANFIELD, BLETCHLEY, BUCKS. 
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B.W.R.A. REPORT 


By A. A. Wells, B.SC. (ENG.), PH.D. 


Synopsis 


The results of tensile tests on sixty steel plates, each 
3 ft wide and I in. thick, are described. A mild steel, a 
semi-killed higher manganese low-carbon steel, and 
three fully-killed normalised steels were tested. The 
samples were artificially notched in edges prepared for 
butt welding, which was carried out along the plate 
centres in the direction of tension. At the temperatures 
chosen for test, many brittle fractures were obtained at 
externally applied loads well below yield-point value, 
and in twelve of these cases fractures passed through the 
plates without arrest. In all cases where fracture 
occurred at such low loads that crack arrest followed, 
loads sufficient to cause general yield of the remaining 
cross-sections were necessary for re-initiation. Thus, if 
shifts of transition temperature from one steel to 
another are taken into account, the results in general 
compare well with those described in a previous paper. 

Extensive correlation with small-scale _transition- 
temperature tests on the same steels has been achieved 
in collaboration with the Admiralty Advisory Committee 
on Structural Steel. This confirms that more reliance 
may be placed on fracture appearance in small-scale 
tests than on impact energy in the Charpy test, although 
both criteria leave something to be desired. It is noted 





































































































Brittle Fracture Strength 


of Welded Steel Plates 


TESTS ON FIVE FURTHER STEELS 


that no low-load through fractures occurred at tempera- 
tures above Robertson crack arrest temperatures, and 
that the highest temperatures at which short brittle 
cracks could be produced in the wide plates, after fully 
plastic strain, were uniformly about 15-20°C. above 
the Robertson crack arrest and the Pellini drop weight 
transition temperatures. It is concluded that the absence 
of extensive prefracture plastic deformation in the 
latter tests represents a desirable property in a small- 
scale test. 

Sufficient mild steel specimens were tested to estab- 
lish that welds deposited with low-hydrogen basic 
electrodes afford significantly higher fracture strength 
than those produced with rutile-covered electrodes. This 
is linked to a difference in the post-weld cracking 
tendencies of the weld deposits in the two cases. 

Prefracture plastic extensions of the plates at the 
highest temperatures for observing any vestige of 
brittle behaviour (i.e., temperatures mainly above the 
small-scale test fracture appearance transition tempera- 
tures) were of the order of 1%. This is of the same 
order as in notched, welded, and furnace stress relieved 
mild steel plate, tested at the temperature at which low- 
load brittle fractures occur in as-welded plates of the 
fully-killed and normalised steels. 


Foreword 
The work described in the following papers is an extension of the investi- 
gation into the brittle fracture strength of welded steel plates first reported 
by Dr. A. A. Wells in the Transactions of the Institute of Naval Architects, 
1956, vol. 98. An examination of the five steels used in the tests and of the 
fracture origins was made by Mr, P. Whitaker of the Research Department, 
Stewarts & Lloyds Ltd., Corby, whose observations are given in the second 


appendix, 


A further study, of the effects on the five steels of plastic strain, ageing, and 
stress relieving, has been made by Dr. C. F. Tipper, Engineering Department, 
Cambridge University, and the results of this work are published in the last 


paper of the group. 
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Introduction 


described in which brittle fractures in steel plates 


I a previous paper! large-scale tensile tests were 
were produced at low applied stresses when: 


(i) The plate contained a central butt weld in the direction 
of tension 

(ii) A notch was present close to the butt weld (the notch 
consisted of sawcuts in the edges of the plate prepared for 
welding, as suggested by Greene?) 

(iii) The test was carried out at a temperature below the 
transition temperature of the parent material (deter- 
mined by energy absorption or fracture appearance in a 
small-scale test, such as the Charpy V). 


Results were presented for one semi-killed low- 
carbon steel, and a tentative explanation of the 
fracture mechanism was appended. 

It is well known that a steel plate, when sharply 
notched and tested in tension at a temperature not 
more than, say, 100°C. below the fracture appearance 
transition, will fail through a brittle fracture only after 
some degree of fully plastic extension. This behaviour 
is not changed for any plate width up to the largest 
values which it has been possible to test. In simply 
notched laboratory test pieces, at such temperatures, 
fracture before the onset of general yield appears to 
have been recorded only in the case of massive alloy 
steel specimens, such as the turbine rotor forgings 
tested by Winne and Wundt.® In the wide plate tests 
just mentioned fracture initiations at loads lower than 
general yield were therefore ascribed to the combined 
effects of the notch and the welded joint, and par- 
ticularly to strain hardening and strain ageing result- 
ing from concentrated plastic flow at the notch roots. 
The latter would be expected to occur during weld 
cooling, when restraint of natural shrinkage along the 
direction of the weld would arise from rigidity of the 
adjacent large cross-sections of unheated material. 

A significant feature of brittle crack propagation in 
the wide plate specimens was the distinction between 
arrested and through fractures, depending upon the 
applied stress at which initiation took place. Thus, 
crack arrest occurred only with spontaneous initiation 
(cooling without external load), or with external 
loads giving rise to average stresses less than about 
one third of the yield point. The crack lengths at 
arrest appeared to be greater than the extent of the 
tensile residual stress zone from the butt welded joint. 
Qualitatively, it appeared that the application of 
definite minimum stresses (averaged over the cross- 
section) was required, before fracture commenced, in 
order to maintain propagation. 

A quantitative study of conditions for crack propa- 
gation was made in terms of the concept of crack 
extension force and fracture toughness.* The concept 
has been extensively described* and was adopted 





Report B6/1/58 of the British Welding Research Association, 

circulated to members in November 1959. 
Dr. Wells is Assistant Director of Research of the Association. 
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*In recognition of a terminology revision, the terms “crack 
extension force” and “‘fracture toughness” replace those used 
for the same quantities in the earlier report, i.e., “strain 
energy release rate” and “surface energy” respectively. It 


should be noted that the units: energy (work) per unit area, 
and force per unit thickness, are also synonymous. 
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owing to its relevance to conditions near the crack 
root during propagation. It is noteworthy, however, 
that where elastic materials are concerned the treat- 
ment may equally well be described in terms of stress 
and stress gradient, as pointed out by Irwin‘ and 
Neuber.® In the butt welded plate, under conditions of 
combined tensile residual and externally applied 
stresses, with a crack spreading transversely and 
symmetrically from the weld, it was shown that the 
crack extension force reaches a maximum when the 
length of the extending crack is close to the width of 
the heat-affected zone. It falls to a minimum for a 
length corresponding with that usually observed when 
arrest takes place, and then rises again. An improved 
method of computing the crack extension force for an 
arbitrary distribution of welding residual stress has 
recently been devised and applied by Masubuchi,® and 
additional wide plate tests of similar type to those 
already described and yielding similar results have 
been performed by Kihara and Masubuchi.’ 
Although the low-stress fracture behaviour may be 
regarded as at least partly understood, a need existed 
to extend the work to a wider variety of steels, and to 
correlate the behaviour of such steels in the wide plate 
test with the results of some of the current smaller 
scale tests for the assessment of transition temperature 
in steels. This need is met in part by the Japanese 
work, which has been published since the decision was 
made to investigate the behaviour of semi-killed steels 
with higher manganese contents, and fully-killed and 
normalised steels. Adequately large quantities of | in. 
thick plate of three such steels (P, Q and S) were made 
available by the Heavy Steel Makers Association. 
While the work was in progress, a programme of large- 
and small-scale tests to correlate transition tempera- 
tures was begun by the Admiralty Advisory Com- 
mittee on Structural Steel and, at their request, a 
proportion of each of steels P, Q and S was allocated 
for the programme. Quantities of fully-killed and 
normalised steels R and T were received in exchange. 
The tests now to be described are thus concerned with 
five steels with different characteristics. The chemical 
compositions, mechanical properties, and small-scale 
transition temperature test data reported are those 
arising from the Admiralty programme because of its 
greater concentration on this aspect. Further informa- 
tion on the steels is available in the Admiralty report.® 
As knowledge is accumulated on the various brittle 
fracture transition properties, it may be possible to 
devise simpler and more direct testing methods. For 
this reason the remainder of these now extensively 
pedigreed steels are to be preserved indefinitely. 


Materials 


The designations of the five steels, all made 7s the 
basic open-hearth process, are as follows: 


P Semi-killed mild steel 

Q Semi-killed mild steel with a higher manganese/ 
carbon ratio 

R, Sand T Fully-killed grain-controlled normalised mild 
steels 


Chemical compositions and mechanical properties 
are given in Table I and typical micro-structures in 
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1—Microstructures of steels used in tests x 100 


Fig. 1. From the results of Charpy impact tests on 
longitudinal specimens, given in Fig. 2, it is evident 
that steel Q would satisfy the requirement of BS.2762 
as ND.1, and steels R, S and 7, the requirement for 
ND.3 or 4. The Charpy curves represent average values 
taken from an accumulation of data from several 
portions of each plate, and determined by several 
laboratories. Full results are published in reference 8. 

The 50% crystallinity temperatures as determined in 
standard Tipper notched tensile tests, Robertson crack 
arrest stress levels and temperatures, and Pellini drop 
weight nil ductility temperatures are also shown in 
Fig. 2. 


Specimen Preparation 


Test plates were prepared to sustain tension parallel 
to the direction of rolling exactly as described for 
previous tests. The method of making jeweller’s saw 
cuts in the edges prepared for longitudinal butt weld- 
ing was also as before. At the beginning of the 
programme multi-run manual welds were deposited 
using E.319 (BS.1719) rutile-covered electrodes. After 
a number of specimens had been prepared some diffi- 
culty was experienced with longitudinal cracking. A 
change was therefore made in that root runs in 
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subsequent butt welds were deposited with E.615 low- 
hydrogen basic-covered electrodes. Longitudinal crack- 
ing was eliminated in this way, but some differences 
were then observed in the behaviour of the specimens 
so made; these are described later in the report. The 
effect was thought to be worth investigating and 
results for each steel (except R) were obtained with 
specimens representing both welding methods. 

No further changes in specimen preparation were 
made from the method described in reference 1. 


Loading 


The method of loading, using a test rig of the type 
described in reference 9, was that shown in reference 1. 
However, for the specimens from steels R, S and T, 
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2—Fracture strengths and Robertson transition data of wide 
plates in relation to temperature: (a) Steel P; (b): steel Q; 
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Table I 
Chemical compositions and mechanical properties 





Steels 
P R S r 
Composition, % wt 
Cc 0-18 O14 O12 O15 O-15 
Mn 0-54 1:07 1:43 1-05 1-43 
Si 0:04 0-02 O18 O-17 0-28 
S 0-039 0-042 0-035 0-041 0-040 
P 0-026 0-039 0-027 0-028 0-028 
Ni 0-15 ‘03 0-04 004 0-03 
Sn 0-024 0-013 0-023 0-025 0-024 
Cu 0:10 0-08 0-10 0-08 0-07 
Cr 0:06 002 002 004 0-01 
Al (Solubie) 0-005 0-001 0-071 0-005 0-083 
N, 0-005 0-006 0-004 0-006 0-004 
H, ml/100 g 0-5 0-1 0-1 0-1 0-1 
McQuaid-Ehn grain 
size 2 45 7 6 7 
Ferrite grains per 
sq.in. x 10® 0:39 0-49 1-52 #41:75 2-08 
Fox inclusion count 87 95 102 78 104 
Yield stress, L 147 i66 189 188 22:1 
tons/sq.in. T 149 = 163 176 194 22-0 
0-3% proof stress, L_ 17-5 16°8 18-9 18-9 22:1 
tons/sq.in. T 148 16-4 17-7 19-7 22-0 
0-5% proofstress, L 18:2 168 183 19:2 22-0 
tons/sq.in, T 149 163 176 196 21:6 
U.T.S., tons/sq.in. L 27-4 27-4 28:5 284 31:8 
T 26°5- 27:2 25 28:7 31-9 
Elong. on 8in.,% L 24* 35 33 33 32 
7 a 35 33 33 28 
Red. in area, % L 54 62 71 67 62 
ts 61 57 60 44 





* Fractured near end of gauge length. 
Chemical composition and inclusion counts are means of four 
values from differing zones. 


tests were required at temperatures down to —60°C. 
and special provisions were necessary for this. In the 
first instance the yield points of the steels at these low 
temperatures were significantly greater than at room 
temperature and, to keep fracture potential within the 
load capacity of the equipment, the specimens were 
reduced in width to 30 in., after deposition of the 
central butt weld. The maintenance of similar conditions 
for restraint and heat flow during welding was ob- 
served by this waisting of the specimens, whilst the 
elastic distribution of applied stress during loading 
was not significantly modified by the change in width. 
With the high yield strength of steel 7, even this width 
reduction was found inadequate. However, at this 
stage of the work, a test rig of 2,000 ‘tons capacity 
became available, enabling tests to be made without 
the need for reduction in width. 

To reach the lower temperatures, it was found 
necessary in all cases to supplement solid carbon 
dioxide cooling with insulation of all the free faces of 
the specimens. This was most conveniently achieved 
with the use of slabs of ““Onozote” expanded rubber 
14 in. thick. 

An attempt was also made to measure brittle 
fracture velocities, particularly in those specimens 
where through fractures were expected. For this 
purpose 51 s.w.g. hard drawn enamelled copper wires 
were cemented across each fracture path with a gauge 
length of 6 in. located midway between the butt weld 
and the plate edge. It was found that fine wires of this 
type were repeatedly severed by the passage of brittle 
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cracks, although no information could be obtained as 
to the precise breaking point in relation to the tip of 
the advancing fracture. It was assumed that there 
would be identical time, and distance, lags for each 
wire. Each pair of wires was connected to an electronic 
interval timer, which indicated on decatron tubes the 
time lag between the breaking of the first and second 
wires. 


Fractured Surfaces 


After each test, fractured plate surfaces were cut out 
and preserved for future reference. Overheating was 
avoided by making the cuts at a distance of 3 in. on 
either side of the fracture. To prevent rusting of the 
fractured surfaces from low-temperature tests traces 
of frost and water were washed off with alcohol, 
followed immediately by an application of rust- 
inhibiting oil. For permanent preservation, the oil was 
later removed with acetone and a clear cellulose 
lacquer was applied. 

In several instances attempts were made to study the 
condition of the material at the root of the saw cut 
after fracture, by microscopic observation of polished 
and etched transverse specimens. In spite of the 
knowledge that an embrittled condition existed at the 
root of the sawcuts, as shown by the low-stress 
fracture initiations, very little of interest was exposed 
when using the customary etching reagents with optical 
observation up to 2,000 diameters. However, in view 
of the importance of the conditions which permit low- 
stress initiation of brittle cracks in the specimens, 
further study is being made. 

As a supplement to this information, hardness 
traverses across weld and heat-affected zone were 
made on at least one specimen for each steel. Charpy 
specimens were also machined from weld metal and 
heat-affected zones on broken wide plate specimens. 
These specimens had their long axes parallel to the 
weld and the notches were cut through the plate 
thickness. 


Results 


Information obtained from all the wide plate tests 
is summarised in Table Il. The temperatures at frac- 
ture represent the mean values from three thermo- 
couples, uniformly distributed over the test plates 
along the cracking plane. No cases exist where these 
temperatures varied over a range greater than + 43°C. 
The applied stresses were obtained by dividing load,| 
immediately preceding either an arrested crack or a 
through fracture, by the gross cross-sectional area of 
each test plate. In all cases, after the occurrence of an 
arrested crack, the specimens were broken open. In no 
case did the applied stress (over the remaining cross- 
sectional area), for initiation of this second brittle 
fracture, differ by more than a few per cent from the 
yield point of the material at the relevant temperature. 
Applied stresses and extensions relevant to this fracture 
stage are also given in Table II. The lengths of arrested 
short cracks were measured from shear lip positions 
after complete fracture of the specimens. For con- 
sistency they are computed for the furthest extremities 
of the arrested crack, which generally coincided with 
the mid-thickness of the plate. 
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Table I 
Wide plate fracture data 











Weld Test Fracture Stress Crack Length, Prefracture Crack Velocity, Secondary Fracture 
No. Detail Temperature,°C. ions/sq.in. in. extension x 10™* ft/sec Stress, tons/sq.in. Ext.x 10 
Steel P 
1 L —28 3-5 28-0 -- 18-4 0 
2 L —25 10-1 T -- 4170 _ — 
3 L —25 8-7 7 — 3330 _— — 
4 RC —25 2:3 7:8 _- 16-3 2 
5 RC —25 1-9 8-8 — 3330 15-9 2 
6 L 20 5:2 si -- _ — 
7 3 12 8-5 T _ _- — 
8 RC 5(—11) 17-2 T 51 _ — 
9 + —10 14-4 T 23 a — 
10 LD — 8 1-5 5-2 —- 15-5 9 
11 RC - 8 2:7 9-4 —~ 15-1 
12 LC — 8 4-4 6:1 — 6260 16-2 13 
13 LD — 8 6:0 10-5 _ 3840 16:3 13 
14 RC — 7 1-8 72 — 15-0 6 
15 L — 7 16:0 T ? —- -- 
16 RC — 4 15-3 T ? _ —- 
17 LC 0 42 6-6 _ 2940 15-4 26 
18 RC 1 0 4-0 —- 15-5 10 
19 RC 4 43 73 — 2940 15-9 5 
20 RC 10 4:7 45 18-3 29 
21 RC 10 15-2 T 41 4650 _ — 
22 RC 20 15-4 5-1 38 18-0 84 
Steel Q 
1 L —35 5-0 T —_ — _ 
2 LC —27 233 25:2 — 20-2 112 
3 L —25 3-8 34:1 — 19-0 1 
4 3 —22 0:8 8-0 — 1086 18-3 10 
5 L —11 (—22) 18-5 T 88 — — 
6 L 20 (—15) 17-5 T 91 _ a 
7 L —17 6-6 T — — — 
8 L —16 8-4 sg — — — 
9 RC 15 3-1 5-8 — 2000 19-6 31 
10 RC 10 7-4 T 2270 — — 
11 LC - 8 8-6 T — — —_— 
12 RC — 5 11-6 T — — _— 
13 RC -2 15-8 i 17 — — 
14 LC — | 18-1 T 136 — — 
15 RC 0 18-1 T 64 -— _ 
Steel R 
l L —60 9-9 T _— _ — 
2 3 40 21-0 z 56 — — 
3 3 —30 21-2 T 11 _- — 
4 L 20 20-5 T 67 — — 
5 LC 10 20-5 8-0 13 24-5 179 
Steel S 
l L 60 22:3 5 35 — 
2 LC 56 2:5 8-0 _ 23-9 72 
3 L 52 21-0 T 77 — — 
4 L —50 22:3 T 106 — — 
5 L —48 21-0 T 73 — — 
6 I —40 3-4 16-6 — 23-9 50 
7 RC? 40 3-9 8-0 — 22-9 159 
x L 40 23-5 T ? 2170 — -- 
9 L 35 21-8 T 37 _ — 
10 L 32 21-5 T 38 — — 
11 RC 30 1-1 5-9 — 21-7 152 
12 L —25 21-1 T 96 — — 1 
13 RC 24 2:8 11-2 — 25-1 148 
14 RC 15 21-0 bj 34 — — 
Steel T 
1 RC 68 16-8 T _- 
2 L — 60 26-0 T 36 — — 
3 L 65 6°5 18-0 = 28:2 78 
4 RC 50 3-3 5-2 _— 28-0 63+ 
L=Root runs with low-hydrogen basic-covered electrodes E 615. Remainder welded with rutile-covered electrode E 319. 
R= Weld deposit entirely with rutile-covered electrodes E 319. 
"== Weld metal cross-section partially precracked in plane of sawcuts. 
LD=As L, but weld metal drilled through 0-19 in. dia. on plane of sawcuts. 
T=Through fracture without arrest. 
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3—Fracture appearance: (b) Steel P 
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3—Fracture appearance: (c) Steel Q 
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3—Fracture appearance: (d) Steel R 


3—Fracture appearance: (e) Steel T 
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3—Fracture appearance: (f) Steel S 
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Considerable differences in texture were noted in 
regard to the fractures in different steels, also at 
different points along the specimen, even for a single 
steel and testing temperature. Photographs of these 
fractured surfaces are presented in Fig. 3, from which 
certain features of the crack-starting notches may also 
be recognised. 

In general, the load/extension curves for all speci- 
mens followed a set pattern (ref. 1, Fig. 5). The 
sequence is as follows: 


(i) An a loading curve up to either arrested cracking or 
to yie 
(ii) A further elastic loading at smaller slope following ar- 
rested cracking 
(iii) A poorly defined general yield (ill-defined because of the 
gradual relief of residual stress by incremental plastic 
strain) 


(iv) Extension to fracture at constant load. 


Because of this limited range of behaviour plastic 
extensions to failure only are recorded in Table II. 
These have been defined as total extension to failure 
less thé elastic component for the uncracked plate 
corresponding to the fracture load. 

All the foregoing information is plotted graphically 
for each steel in Fig. 2, and in these diagrams the 
results of Charpy tests, both for energy absorption and 
crystallinity, the Robertson crack arrest, and Tipper 
and Pellini drop weight results have been super- 
imposed. The plotted wide plate results expose 
anomalies as follows: 


(a) Arrested crack lengths of 28 in. in steel P and 25 in. and 
34 in. in steel Q, apparently due to an edge effect 

(5) Extensions to fracture omitted in the case of two points 
with steel P and one with steel S; because of difficulties 
with the autographic recorder. The fractures, however, did 
not differ qualitatively from those of other specimens 
tested at similar temperatures. 


Hardness traverses on transverse cross-sections of 
weld and parent plate were conducted at mid thickness 
and 4 in. from the surface for steels P, Q and S. The 
results differed insignificantly from those given for a 
mild steel (ref. 1, Fig. 5), with respect to peak hardness 
and to distribution about the weld. They are given in 
detail in Fig. 4, for comparison with notch ductility 
information from the weld metal and heat-affected 
zones. 

To facilitate comparison with the parent material, 
and with weld metals of similar characteristics studied 


Table Il 
Weld metal and heat-affected zone Charpy transition temperatures 





Low-hydrogen 
Rutile covered basic-covered 
Electrode Electrode 
Weld Metal Weld Metal 
FN, 
Weld metal 31 19 —30 —15 
Steels P Q Ss 
Parent material +18 +27 -16 -6 43 —27 
i in. from weld centre +16 +33 0 +7 —38 —27 
§ in. from weld centre +31 +42 -—10 +16 -—47 —27 





Transition temperatures (°C.) for 15 ft-lb energy absorption on 
left hand side and 75% crystallinity on right hand side. 
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by Watkinson,’ Charpy test figures for energy 
absorption and crystallinity in heat-affected zones and 
weld metals concerned in the investigation are given in 
Table III. These results were obtained by testing 
groups of specimens (2 to 8 for each condition) at 
selected temperatures. The Charpy specimens were » 
taken from wide plates which had fractured before 
yielding, the sampling positions being midway be- 
tween the fractures and the specimen ends. 

Fracture velocities were obtained from most 
specimens tested after installation of the timing 
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equipment, although a few records were lost through 
premature fracture of the gauge wires as the plates 
yielded. The available results are given in Table II. 


Discussion 

Critical temperature 

It is clear from the results given in Table II and 
Fig. 2 that the general trend of behaviour of the test 
plates is similar to that previously shown (ref. 1, 
Fig. 8). However, the paper of that reference con- 
cluded with the suggestion that the low-stress type of 
through fracture was confined to a critical tempera- 
ture, i.e., it was not apparent at low or high tempera- 
tures. Although this was logical, as supported by the 
results then available, it is now apparent that low- 
stress through fracture can occur over a wider 
temperature interval. The results for steels P, Q, R 
and T suggest that some such fractures would be 
expected even at temperatures lower than could be 
achieved with the existing cooling arrangements. This 
conclusion was also reached by Kihara and Mas- 
ubuchi.’ 


Crack propagation 

The relative occurrence of low-stress through 
fractures or arrested short cracks seems fairly clear. 

Sufficient tests were conducted with steels P and Q 
to show that no low-stress through fractures would be 
experienced either (a) at temperatures significantly 
above the Robertson crack arrest temperature, or (5) 
at applied stress levels significantly below the Robert- 
son crack arrest stress for the appropriate temperature. 
However, attention should again be drawn to the three 
results for steels P and Q, where fractures of con- 
siderable length occurred below the Robertson arrest 
temperature but at applied stresses down to less than 
half the crack arrest stress. It is believed that in these 
instances arrests occurred because of the influence of 
an edge effect. This is discussed in relation to crack 
extension force in the Appendix. 


Electrode type 

It is of interest to note the differences in initiation 
behaviour, particularly with specimens of steels P, Q 
and S having different weld deposits. In general, higher 
applied stresses for initiation were required for 
specimens welded with low-hydrogen basic-covered 
electrodes. On closer inspection, as may be seen from 
the photographs of fracture surfaces in Fig. 3, the 
lower stress initiations are associated with specimens 
where the weld deposit cracked partially across im- 
mediately after welding. This was demonstrated by the 
presence of an oxidation deposit on the precracked 
surfaces, and could easily be distinguished from shear 
or some other fracture mode by the presence of pre- 
cracking and a shear lip, side by side, on the same 
specimen. The precracking experienced was as follows: 


Low-hydrogen 
Rutile basic 
Precracked 21 
Uncracked 0 29 
Doubtful 1 0 
Drilled 0 2 
Total 22 38 


This very marked difference in behaviour between 
the two types of weld metal is obviously associated 
with a temperature at least as high as the interpass 
temperature during welding. Whilst the possibility of 
hot cracking cannot be eliminated, it is thought to be 
unlikely, since the freshly exposed oxidation was 
observed to be only of temper colour type. Moreover, 
so called ‘cold’ cracking has frequently been associ- 
ated with the fissuring seen to occur in the presence of 
diffusible hydrogen, so that a marked difference in 
fissuring behaviour would be expected with electrode 
coverings of the types used. For instance, Watkinson” 
has tested butt welded joints in 1 in. thick semi-killed 
mild steel plates with these electrodes and has obtained 
the following fissure counts on polished and etched 
longitudinal sections of the welds: 


Rutile Low-hydrogen 


Downhand 56-3 34-5 } Microfissures 
Horizontal/vertical 32-7 0 per sq.in. 
ISf-lb = 27°C. — 24°C. jon dowanand 
50% crystallinity — 4°C. +15°C. deposits 


Significantly Jess fissuring was shown with the low- 
hydrogen weld metal, and there was no significant 
difference between the transition temperatures shown 
in the Charpy test results. The notch ductility of the 
deposited weld metal is midway between those of 
steels Q and S. The few check tests on specimens from 
this investigation reported in Table III confirm this 
conclusion. Vaughan and De Morton"™ have demon- 
strated the manner of growth of cleavage cracks in 
steel specimens charged with hydrogen, and there is 
little doubt that the microfissures which may be ob- 
served in polished and etched cross-sections could 
grow into major cracks through the action of the con- 
centrated strain occurring between the sawcuts in the 
wide plate specimens. 

With the exception of only three specimens, it has 
been possible to draw dividing lines on the fracture 
stress/temperature diagrams (Fig. 2) to separate the 
fracture stress behaviour of precracked and uncracked 
specimens and so, to a large extent, of specimens 
welded with rutile and low-hydrogen electrodes. 
Furthermore, in two cases with steel P, it was possible 
to simulate the behaviour of rutile welded specimens, 
while using low-hydrogen electrodes, by drilling away 
the otherwise sound weld metal in the planes of the 
sawcuts. This would suggest that the area of the flaw 
normal to the applied load, as influenced by the pre- 
cracking, is an important factor in controlling initi- 
ation stress, rather than any effect which might have 
been caused by hydrogen absorption at the roots of 
sawcuts. Further, it would seem that the degree of 
precracking of rutile and low-hydrogen type weld 
metals has a greater effect on specimen strength than 
notch ductility measurements of Charpy type would 
indicate. 

The placing of more tests with precracked specimens 
in the higher temperature range (Fig. 2) corresponds 
with efforts to measure the highest possible tempera- 
tures at which brittle fractures could occur. 


Heat-affected zones 


The shifts of Charpy transition temperature for the 
heat-affected zones, which may be deduced from 
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Table III, are not particularly large and are negligible 
for steel S. However, it is clear that the material from 
the region of the sawcut notches must have been 
embrittled by the heat and plastic flow from welding, 
because of the ease with which initiation later took 
place. It can only be concluded that Charpy tests on 
heat-affected zone material taken at random are in- 
sensitive to the latter effect, and thgt specimens 
would have to be taken from the notched zones them- 
selves to show any effect. 


Shock initiation 

It has been suggested that in the type of test now 
under discussion, low-stress fracture initiations may 
occur as a result of a shock effect from sudden 
severance of the weld metal. Careful examination of 
the fractufe surfaces does not positively confirm or 
disprove this, but it would have been extremely un- 
likely in some of the tests, either because the weld 
metal possessed greater ductility (as demonstrated by 
large shear lips) than the parent material, or because 
the weld metal ligament had previously been almost 
severed by precracking. The three exceptional speci- 
mens mentioned, in which unusually low stress frac- 
tures originated without precracking, might have failed 
as a result of a shock effect from primary cracking of 
the weld metal. It is significant that the fractures all 
occurred below —30°C., where the weld metal would 
have been in a more notch brittle condition than the 
plates Q, S and T in which the fractures occurred. It is 
concluded that shock initiation may sometimes occur, 
but that the effect is of no greater significance than 
shock initiation of a fracture from one notch in a 
Tipper specimen following plastic strain initiation 
from the notch on the opposite side. This phenomenon 
occurs frequently, with cracks meeting, or overlapping, 
near the centre of the specimen. 


Appearance of fracture in the wide plates 

For the purpose of correlation with small-scale tests 
it is of interest to examine fracture appearance in the 
wide plate specimens. Since, in general, there was in- 
sufficient load and extension capacity available in the 
test rigs to permit check tests in the temperature range 
for ductile behaviour, as conducted by Kihara and 
Masubuchi, the reference temperature has been 
defined as that at which the only brittle fracture 
occurring is arrested when short, and is initiated 
following general plastic extension. Such fractures 
were obtained in steels P and R. The arrested fractures 
in these specimens could not be reinitiated on further 
loading without reducing the plate temperature. Al- 
though the reference temperatures could not be 
located precisely for the remaining steels, estimates are 
given in Fig. 2, based on (a) the highest temperature 
for a low-stress fracture initiation and (5) the plastic 
extension, fracture roughness, and shear lip width at 
the plate surfaces of the specimens tested at the highest 
temperatures. The behaviour has been compared on 
these criteria with that for steels P and Q. The degree 
of conformity is such that the estimates are believed 
to be correct to within +3°C.; the assessment can be 
checked from information given in this report. 


Small test correlation 
For the purpose of comparison with a selected group 
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of small-scale test criteria, the wide plate reference 
temperature has been taken as the basis for the 
graphical presentation in Fig. 5, which shows the 
temperature displacements for other criteria on each 
steel. The chosen criteria are as follows: 


Charpy 75% crystallinity 

Tipper 50% crystallinity 

Charpy 15 ft-lb energy 

Pellini drop weight nil-ductility'? 


Fracture appearance 


Energy 
Ductility in the presence of 
a notched weld 


Other fracture appearance criteria are available, 
notably from Van der Veen slow bend, and 2 ft wide 
Tipper notched tensile tests, but are excluded from 
Fig. 5 to avoid confusion. This is acceptable, since in 
most cases the Charpy and Tipper fracture appearance 
test results are already in close agreement. 

It is recognised that the present selection of steels is 
not wide enough to show the full extent of anomalies 
which can occur.!* In spite of this, tentative conclusions 
may be drawn in regard to correlation, and a general 
observation may be made that in most cases the wide 
plate reference temperature is higher than others. 

Bearing in mind the similarity of the test pieces, with 
deposited weld metal stressed in tension in the direc- 
tion of deposition, the transverse notch, and the 
application of limited bending strain, it is not surpris- 
ing that agreement shouid exist between the Pellini 
drop weight transition temperature and the reference 
temperature as defined for the wide plate test. The fact 
that the latter is from 15° to 20°C. higher may be 
regarded as due to the more severe notch and the 
additional cooling restraint during and after welding 
resulting from greater plate width. 

It is also interesting that nearly as uniform a cor- 
relation should exist between the Robertson crack 
arrest temperature and the wide plate reference 
temperature, although the tests are ostensibly con- 
cerned with different properties. It has already been 
noted that no low-stress through fractures occurred at 
temperatures above the Robertson crack arrest 
temperature. With the exception of steel P, for which a 
significantly higher transition temperature appears 
with the two fracture appearance criteria, the latter 
agree closely not only between themselves but with the 
Pellini drop weight, Robertson crack arrest, and wide 
plate reference temperature. It is possible that the 
inconsistency in the case of steel P is associated with 
greater relative embrittlement in this steel from large 
plastic strain preceding fracture. The Charpy and 
Tipper tests used for the fracture appearance assess- 
ment differ from the Pellini, Robertson, and wide plate 
tests essentially in the single feature of degree of pre- 
fracture yield, which is significantly greater in the 
former cases (Fig. 5). 

In relation to the other criteria, 15 ft-lb energy 
absorption in the Charpy test shows a significantly 
lower transition temperature for steel R. Conversely, 
this criterion shows a rather high transition tempera- 
ture for steel P. Thus the energy criterion is the most 
irregular when compared in this way. Nevertheless, 
energy absorption is significant. The attribution to 
steel R of a low 15 ft-lb transition temperature is 
equivalent to describing it as having high energy 
absorption; similarly, steel P has a low energy ab- 
sorption. It may also be noted that there was a 




















WELLS: BRITTLE FRACTURE STRENGTH OF WELDED STEEL PLATES 


preponderance of high-load wide plate fractures with 
steel R, and of low-load fractures with steel P. 

It is evident that a simple explanation of these 
anomalies is not to be found from the more elementary 
properties recorded, such as chemical composition, 
stress/strain data, or microstructure. To go much 
beyond these is outside the scope of this report, but the 
accumulation of data has provided an opportunity for 
such a study, and this is in hand. 


Stress relieving 

In assessing the behaviour of the welded plates of 
the low-transition temperature steels Q, R, S, T, it is 
useful to bear in mind the comparable results of 
Kennedy™ for similarly tested plates of the semi- 
killed higher-transition temperature steel P, which had 
received a furnace stress-relief treatment at 600° or 
650°C. before loading (Table IV). 

From the viewpoint of crack initiation, the stress- 
relieved specimens of the relatively brittle steel P gave 
a performance at —56°C. superior to that of as- 
welded specimens of any of the other steels. It would 
be of value to study the improvement following stress 
relieving of the remaining steels. 


Crack velocities 

The measured brittle crack velocities given in 
Table II, mainly for steel P, show no correlation with 
temperature, stress level, or previous cracking. The 
average crack velocity for steel P of 3,250 ft/sec is 
somewhat greater than any of the values for steels Q 
and S, and is substantially less than a theoretical’® 
limiting velocity for steel of 6,300 ft/sec. It is probable 
that the low measured velocities may be related to the 
degree of plastic yield taking place along the fracture 
surfaces as propagation proceeds, and introducing a 
secondary limitation owing to the low velocity of 
plastic wave propagation. Although a relationship 
between fracture texture and velocity might have been 
expected, it is evident from the comparison between a 
smooth fracture (Q 10) and rough fractures (Q 4 and 
9) that the effect, although present, is not pronounced. 
On the other hand, there is a strong correlation 
between the average tensile stress at which fracture 
takes place and the degree of roughness, as may well 
be seen in the specimens of steels Q and S (Fig. 3). The 
effect is compatible with variation of stress gradient, 
itself related to crack extension force. With high 
applied stress, the stress gradient is invariably low and 
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a large volume of metal is affected by cleavage as the 
crack progresses. This gives rise to a rough texture, 
and vice versa. 


Conclusions 


(1) Out of a total of 60 notched and welded wide 
plate specimens from two semi-killed and three fully- 
killed low-carbon steel plates 1 in. thick, tested at 
temperatures from 35°C. below the Robertson crack 
arrest temperature for each steel up to the highest 
temperatures at which any vestiges of brittle fracture 
could be observed, 35 fractured either at low applied 
tensile stress, or with no significant prefracture 
plastic extension. Of these, 22 failed at an applied 
stress less than one third yield point, and 12 fractures 
passed through the plates without crack arrest. 

(2) Although an increase of fracture strength with 
increased temperature could be observed with those 
steels in which sufficient numbers of specimens were 
tested, a pronounced effect was confined to a range of 
a few degrees above the Robertson crack arrest 
temperature. Within this range, minimum applied 
stresses for crack initiation increased from very low 
values up to yield point; below it a temperature effect 
was virtually absent. Taken as a group, the low-stress 
through fractures were distributed evenly over the 
lower temperature ranges, none taking place at 
temperatures higher than the Robertson crack arrest 
temperature. 

(3) All specimens with test welds deposited entirely 
with E 319 (BS.1719) rutile-covered electrodes were 
precracked over part of the weld metal plane between 
the sawcuts. Oxidation colouring showed that this 
took place soon after weld metal deposition. A high 
proportion of specimens in which the root runs were 
deposited with E615 low-hydrogen basic-covered 
electrodes did not precrack. The fracture strength of 
the wide plate specimens in which precracks were later 
found was significantly lower than for the others; 
transition temperatures for low-stress crack initiation 
were higher for the precracked specimens. The effect 
could not be correlated with any difference in Charpy 
transition temperatures for the two types of weld 
metal, but contemporary evidence is quoted to show a 
correlation with micro-fissuring. 

(4) The highest temperature at which short brittle 
cracks could be initiated following fully plastic strain 
in the wide plate specimens was about 15-20°C. above 


Table IV 
Effect of stress relief on fracture characteristics 





Electrode Temperature, Prefracture Fracture Stress, Type of 

Steel Covering Condition a Extension, % tons/sq.in. Fracture 
Pp Rutile Stress relieved —25 1-49 15-0 Through 
Rutile Stress relieved —56 0:69 16-6 Through 

Q Low-hydrogen As welded —11 1-36 18-0 Arrested* 
Low-hydrogen As welded —35 None 5-0 Through 

R Low-hydrogen As welded —10 0-13 20-5 Arrested* 
Low-hydrogen As welded —60 None 9-8 Through 

S Rutile As welded —15 0-34 21-0 Through 

Low-hydrogen As welded —56 None 2°5 Arrested* 

7. Rutile As welded —50 None 3-5 Arrested* 
Rutile As welded —68 None 16-8 Through 





* For secondary fracture data, see Table II. 
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the Pellini drop weight nil—ductility transition and 
the Robertson crack arrest temperatures for the 
parent materials. The latter were also close to the 75% 
and 50% crystallinity figures respectively for the 
Charpy and the Tipper notched tensile tests, except for 
the semi-killed steel P, of ordinary structural quality, 
where these were about 25°C. higher, an effect 
attributed to embrittlement from large prefracture 
strain in the Charpy and Tipper tests. 

(5) Although 15 ft-lb energy absorption in the 
Charpy test did not correlate well with any observed 
transition temperature behaviour in the wide plate 
tests (with steels P and R as extreme cases), a sub- 
sidiary correlation showed that the steels of high 
energy absorption gave a preponderance of high-stress 
wide plate fractures and vice versa. 

(6) The resistance of furnace stress-relieved semi- 
killed steel P specimens to brittle fracture initiation at 
low temperatures was superior to that of as-welded 
specimens from any of the other steels, although the 
Pellini drop weight transition and Robertson crack 
arrest temperatures for the latter were 10—57°C. lower. 
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APPENDIX I 


Crack Arrest Edge Effect in a Square Plate in Tension 
By Mrs. M. S. Toms, B.SC., A.R.C.S. 


For an infinite plate of unit thickness, under con- 
ditions of plane strain, with cracks of length 2a 
repeated along the x axis (Fig. 6) at intervals /, the 
following formulae are given by Westergaard (eq. 9).?* 


Gy 


sin*2 (7) 
and 2Gn=2(1—p) Im.Z=y.Re.Z 


where z=x+iy . 
n=displacement in the y direction 
o= biaxial tension stress 
= Poisson’s ratio 
G= Modulus of rigidity 
Z= fZdz 


Stress function Z=o | 1— 





a lo COS 7 (3) 
Integrating Z, Z=i = cosh mer 1 
cos (7) 


Considering now the top edge of the plate shown in 
Fig. 6, » was calculated as a function of a// at two 
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points on the edge, the centre and the right-hand 
corner, giving 


lo} 1 2 cosh* (3) 
o(x=0,y=4)=(1+ ») E — cosh a 
cos? r (4) 
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1 sinh 5 
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and a(x==5 5)- a+wg 


cosh 5 


Trey ert 


These expressions produce very similar curves. The 
expression for 7» at the corner of the plate was taken as 
an approximation everywhere along the top edge, the 
error involved being nowhere more than 4%. 

For unit thickness, the energy stored in the plate is 
olno= W. If og and y, are the values of o and » just 
before the crack begins: 
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The rate of release of energy with crack length, equal — 


to the crack extension force Y, is 
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The Saas was differentiated again and the zero 
was found graphically, giving a minimum rate 
of Sony grap y, giving 14 a 3 
of release of energy with crack length at =, 33> 71> 32 


The shape of this curve and the position of the mini- 


mum are shown in Fig. 7. The minimum value of oe 
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7—Crack extension force versus length of crack 


The analysis thus presented does not take residual 
stress into account, but in the latter respect the butt 
weld case in an infinite plate was discussed in refer- 
ence 1. To calculate whether a crack will be arrested in 
the residual stress zone or at the plate edge, comparison 
may be made between the respective minimum values 
of crack extension force: 
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i= ~ (Reference 1, equation 7) 
G,— 0-88 
Arrest would el be expected to occur at the edge 


unless 9,<Y, or <p. Figure 13 of reference 1 


suggests that a typical value of the weld residual load 
P would be 27 tons per inch, giving o <6-8 tons/sq.in. 
Examination of the experimental results in this report 
suggests that edge arrests only occurred for values of 
o <4 tons/sq.in. The agreement may be considered 
reasonable. 


APPENDIX II 
Examination of Steels and Fracture Origins 


By P. Whitaker 


It is confirmed that these steels have been examined 
with respect to McQuaid-Ehn grain size and chemical 
analysis, and steels P, Q, and T with respect to the 
micro-structure at the base of the jeweller’s saw cuts. 
From each of the steels P, Q, and 7, two fractured test 
pieces were received (Fig. 1), one made with rutile 
covered electrodes E.319 (BS.1719), and one with low- 
hydrogen basic-covered electrodes E.615. 


Chemical analysis 

Determinations of H,, N,, soluble Al and Sn were 
made on all five steels, and Ti determination on steel S 
only. 

The following results confirm the low soluble 
aluminium content of steel S. The presence of approx. 
0-005% Ti suggests that the fine inherent grain size 
may be due to the use of special steelmaking de- 
oxidants. 


Chemical analysis 
Sample Hydrogen, Nitrogen, Soluble Tin, Titanium, 
Marked mil/100g yA Al,% Te % 
P.7 0-5/0-5 0-0050 0-004 0-020 
Q.7 0-1/0-2 0-0050 0-003 0-004 
R 0-1/0-2 0-0040 0-074 0-020 
S 0-1/0-1 0-0050 0-008 0-021 0-005 approx. 
i 0-1/0-1 0-0050 0-081 0-020 
McQuaid-Ehn grain size 
Author B.W.R.A. 
Steel Maximum Minimum Average 
P 1 6 4 2 
1 4 2-1 4-5 
R 5 8 7 7 
S 3 8 6 6 
T 4 8 7 7 


The generally fine inherent grain size of steel S is 
confirmed but it contains isolated large grains of up to 
Grade 3. 

Steels P and Q give results opposite to those drawn 
from the test data supplied by the Admiralty Materials 
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1—Appearance of fractures in test pieces 
received 
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2—Sections through base of saw cut 
in test piece P.18, showing 
(a) heavily deformed material; 
(b) diversion of non-metallic 
inclusions. Unetched x 500 
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3—Number of Neumann bands and maximum distance from 
fracture in test piece P.18 
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Laboratory and quoted by B.W.R.A. Further infor- 
mation is being sought. 


Microstructure at base of saw cut 

Sections normal to the plate surface, and therefore 
at an angle of about 30-40° through the base of the 
saw cut, were taken from each of the six fractured 
test pieces. 

In all six sections a distortion of the structure was 
found at both the base (Fig. 2a) and the sides of the 
saw cut. The thickness of this deformed layer was up 
to 0-0007 in. and in some cases it was associated with 
diverted non-metallic inclusions (Fig. 25). 

In the heat-affected zones of the weld this work- 
hardened structure had recrystallised to give a narrow 
band of very fine grains. 


Hardness of deformed layer 
Test piece P.18 


Load JDeformedLayer Normal Structure 
Micro 20g 265-330 D.P.N. 166-212 D.P.N. 
Macro 30 kg -- 156-169 D.P.N. 


The material at the base of the saw cuts had been 
work-hardened to the maximum capacity of the steel. 


Neumann band counts 
Test piece P.18 

At positions approx. 0-025, 0-25, and 0-5 in. below 
the plate surface fields 0-015 in. wide were examined 
for a distance of 0-2 in. from the fracture face. 

The results of seven sections taken at approximately 
} in. intervals from the apex of the saw cut are shown 
in Fig. 3. 

Strain etching of some of the sections is being 
carried out and will be reported later. 
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Effect of Plastic Strains on 


Mechanical Properties 


of Five Steels 


By C. F. Tipper, sc.v. 


The effects of plastic strain, ageing, and stress relieving have been 
studied by means of notch impact and tensile tests on five 1 in. mild 


steel plates. 


Strains just exceeding the yield point (4-5%) shifted the Charpy 

’ V-notch curves to higher temperatures and the 15 ft-lb transition by 
from 20° to 30°C. Stress relieving at 650°C. brought the curves back 

towards the original values, but only in one steel was recovery nearly 

complete. Samples cut transverse to the direction of rolling and 


straining showed less recovery. 


Introduction 


the object of explaining the different response to 

static and dynamic tests in the survey of test 
methods carried out by the Admiralty Advisory Com- 
mittee on Structural Steel on five 1 in. mild steel 
plates. It was thought that some plastic strain and 
ageing might raise the transition temperature during 
the static tests. It was also thought that plastic strain, 
followed by ageing, such as must necessarily occur in 
the neighbourhood of welds, might contribute to the 
spontaneous initiation of short cracks in the wide plate 
tests of the same steels made by Dr. Wells. Cracks of 
this type are usually attributed to the residual strains 
which occur through welding, and they extend to a 
distance beyond that where any visible change in the 
microstructure can be detected. On the other hand, the 
appearance of Luders bands in the scale at a con- 
siderable distance from welds is not uncommon and is 
a proof that the material has yielded beyond what is 
usually described as the heat-affected zone. It appeared 
worthwhile to-note the effect of plastic strains just 
exceeding the yield point on the transition temperatures 
of the plates as determined by means of V-notch 
Charpy tests, and then to apply a stress relieving 
treatment, to see how much recovery occurred. 


Tite: experiments were undertaken initially with 


Experimental Results 


Full particulars of the five steels are given in Dr. 
Wells’s report* B6/1/58 and in the AACSS Report 
P2.¢ Brief descriptions are as follows: 





* See p. 259, this issue. 
+ Report P2 of the AACSS 1960, H.M.S.O. 


Designation Description 

Ordinary mild steel, 0-18% C, 0-54% Mn, semi- 
killed, as rolled. 

0-15% C, 1% Mn, semi-killed, as rolled. 

0-1 2% C, 1-4% Mn, grain-controlled, normal- 


ised. 
0-15% C, 1% Mn, grain-controlled, normalised. 
hor fo C, 1:-4% Mn, grain-controlled, normal- 
ised. 


I” RO 


Of these, only P and Q, being semi-killed, might be 
expected to show any strain age embrittlement, and 
that only slightly, while all would be work hardened if 
strained into the plastic range. 

Large parallel-sided test pieces, 18 in. long by 
3 in. wide, and of full plate thickness, were machined 
from these plates and strained plastically until the 
overall extension was approx. 5%. This ensured that 
the yield was completed while the extension in the 
parallel portion was uniform, being checked by dividers 
on 2 in. gauge lengths. Load/extension curves are 
shown in Fig. 1. Yield shape varied considerably over 
the five steels. 

Most of the test pieces were machined from the 
uniform portion in the direction of straining, but a 
few were also cut transversely. These consisted of 
Charpy V-notch specimens, and also tensile test 
pieces for determining yield, ultimate stresses, and 
ductility as a measure of (a) the work hardening pro- 
duced by the straining, and (5) recovery due to the 
subsequent treatment. 

After machining, all test pieces were treated in a 
salt bath for 1 hr at 200°C. One set was tested after 
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EXTENSION x 4 
1—Load|/extension curves for the five steels 


this treatment and one set after further heating at 
650°C. for 1 hr. One tensile test piece in the as-rolled 
condition from each of steels P, Q, and T was also 
heated at 650°C. to assess the stress relieving treatment. 
As there was a small amount of material left from the 
strained steels Q and 7, this was heated at 850°C. and 
air cooled, Charpy V-notch test pieces being cut after 
heat treatment. 

The most comprehensive study was made of plates 
P, Q, and T, since these were the most likely to show 
differences in response to the treatment applied, and 
did in fact show the greatest scatter in transition 
temperatures in the AACSS survey. Plates S and R 
were added later to complete the series. The impact 
tests were made on the Charpy machine at Abington 
so as to remove one possible source of discrepancy in 
comparing these results with those made under the 
testing scheme for the AACSS Panel. The number of 
test pieces available was insufficient to plot mean 
curves with accuracy, but since the trend was the same 
for all five steels, broad conclusions can be drawn. The 
impact test results are plotted in Figs. 2-9 and are 
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Table I 
Charpy V-notch 15 ft-lb transition temperatures 
Long. Trans. 
Steel Condition Direction, Direction, 
“. “=. 
P As rolled 16 19 
Strained 46 38 
Stress relieved 20 38 
Q As rolled —18 —13 
Strained 11 5 
Stress relieved —10 0 
R As rolled —70 
Strained —20 
Stress relieved —30 
S As rolled —44 
Strained —18 
Stress relieved —40 
T As rolled —68 —66 
Strained —32 —30 
Stress relieved —32 —40 





summarised in Table I. The tensile test results made 
on 0-25 in. dia. cylindrical bars on a Hounsfield 
Tensometer are presented in Table II. 


Discussion of Results 


All tests made on material in the direction of rolling 
and straining showed a shift in the 15 ft-lb Charpy 
V-notch transition to higher temperatures ranging 
from 26° to 40°C., with a general decrease in energy 
absorption when compared with the untreated material 
at the same temperatures. In samples cut transversely 
there was also a decrease in energy and shift of the 
curves, the proportional change being difficult to 





Table II 
Hounsfield tensile tests 
Yield Stress, Ultimate Stress, Elong., Red.in Area, Hardness, 
Steel and Treatment tons|/sq.in. tons/sq.in. r 4 yA PN. 
Test pieces cut in direction of straining 
P As rolled Yield not recorded 25-6 41 62-65 119 
U 3 
As rolled, heated 1 hr 650°C. 14-6 14-0 26:5 40 60-61 
Strained, aged 25 28-7 30 58-60 157 
24:9 28:8 28 62 
248 28:8 29 62 
Strained, aged, heated 1 hr 650°C. 17°75 17-3 27:7 31 48-50 129 
Q As rolled 15-9 15-4 27:2 42 70-72 123 
As rolled, heated 1 hr 650°C. 16-6 16:3 26-9 43 62-63 
Strained, aged 25-6 30-4 30 70 158 
24:8 29-6 33 72 
24:2 27°7 35 70 
Strained, aged, heated 1 hr 650°C. 19-2 18-8 27:7 36 55-56 132 
T As received 21 20-4 31-65 34 68-70 145 
Heated 1 hr 650°C. 20-9 30-8 39 65-68 
Strained, aged 28-4 28-15 32-4 33 72 171 
28-15 27°9 31-9 34 71 
27°8 33-3 34 68 
Strained, aged, heated 1 hr 650°C. 24 23-6 31-3 34 60-62 145 
Test pieces cut transverse to direction of straining 
P Strained, aged 20 29-5 26 52-55 155 
Strained, aged, heated 1 hr 650°C. 24 33-5 22 52-55 185 
Q Strained, aged 24 30-5 31 68-70 155 
Strained, aged, heated 1 hr 650°C. 22 31 32 70 166 
T Strained, aged 24-4 32:7 31 60-62 165 
Strained, aged, heated 1 hr 650°C. 24 32-4 30 60-62 171 
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TIPPER: MECHANICAL PROPERTIES OF FIVE STEELS 


assess because of changes of shape of the curves. 
These were accompanied by similar changes in the 
crystallinity curves. 

The 650°C. treatment resulted in considerable 
recovery in all tests made in the direction of rolling 
and straining, but return to the original condition was 
not complete and was least in plate 7. This plate was 
laminated and gave a great deal of scatter in all tests 
made, but the trend is clear. Normalising at 850°C. 
brought the four tests on plate T to values slightly 
exceeding those of the mean curve; the corresponding 
results for Q were better than those shown by the 
original figures. These results are in agreement with 
the fact that plate 7-was originally in the normalised 
condition, while Q was in the as-rolled condition. 

Recovery in the transversely cut specimens was 
negligible except for 7, and there was a slight. shift 
towards lower temperatures shown by the crystal- 
linity curve. 

The tensile and hardness test results were in accord- 
ance with the impact tests, except for steel 7. Straining 
and ageing raised the tensile strength and hardness 
and lowered ductility in all conditions investigated. 
Recovery after the 650°C. stress relieving treatment, 
however, was complete only in 7 in the lengthwise 
direction, although it was nearly so in the cross 
direction. It will also be noticed that the 650°C. treat- 
ment on the as-rolled material P produced less change, 
as compared with either Q or T. Stress relieving of the 
steels P and Q in the as-rolled condition was carried 
out on single specimens only, the effect being negligible 
although ductility was slightly impaired. The length- 
wise direction samples showed considerable although 
incomplete recovery, and in the transverse direction 
samples there was a slight increase in tensile strength, 
associated in Q with decrease in ductility. The differ- 
ences were so small in the transverse direction that 
they might be dismissed as the result of experimental 
and material scatter, were it not for the fact that all 
the changes were in the same direction in all materials. 


Microstructure and X-ray investigation 

Examination of the microstructures in the different 
conditions did not indicate that there had been any 
refining of the ferrite. There seemed to be a very slight 
change in the pearlite towards the development of a 
granular structure, but it was by no means complete. 

Laue back-reflection photographs were made from 
the steels P, Q, and 7, in the strained and aged con- 
dition and after heating at 650°C. Before examination, 
the specimens were electro-polished to a depth of 
100u to remove the surface deformation caused by 
metallurgical polishing. 

A Hilger-Watts microfocus tube was operated at 
25 kV using a focal spot size (foreshortened) of 80x 
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110. giving a mean convergence of 1-9 x 10-* radians 
at the surface of the specimen. The advantage of the 
microbeam technique is that reflections from fewer 
crystals are obtained and they do not so readily fall on 
top of one another and so mask the character of the 
reflections. 

In the strained and aged condition, all three speci- 
mens P, Q, and T showed evidence of a rather ill- 
defined sub-grain structure. Annealing at 650°C. 
cleaned up this sub-structure, but the main effect was 
to cause recrystallisation of most of the material. The 
specimens in order of decreasing percentage recrystal- 
lised material were T, Q, and P. In this order the steels 
are of both increasing initial grain size and final re- 
crystallised grain size. 

The X-ray results are in full accordance with the 
changes in the mechanical properties. Although no 
visible changes in the ferrite were observed, almost 
complete recovery from work hardening was attained. 


Conclusions 


The general effects of plastic strain and the 650°C. 
anneal given to these materials are what would be 
expected. They show that strains of this magnitude are 
sufficient to raise the transition temperature of steels 
of several types, including those which were fully 
killed and normalised. A considerable degree of 
recovery is brought about by the 650°C. treatment. 
The directional properties may be due to a Bau- 
schinger effect, although it is surprising to find that it 
persists into the plastic range to affect tensile strength, 
hardness, and ductility. Further work is required to 
investigate the matter fully. 

Hardness surveys of welds made by Dr. Wells 
(Fig. 4, p. 270) for P and Q steels show values of 
155-160 D.P.N. at 2 in. from the centre-line of the 
weld. These figures correspond with those given in 
Table II for the material in the strained and aged con- 
dition and having the raised transition temperature. 
This fact cannot be ignored in looking for an explana- 
tion of the development of cracks near welds. It 
points to the paramount importance of plastic strain. 
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News of the Institute and Branches 


B.W.R.A. 


and Industry 


MEETINGS 


Aluminium 


The Netherlands Welding Society and 
the Institute of Welding have organised 
a Joint Meeting on the Welding of Alu- 
minium. It will be held in Utrecht from 
Wednesday, 31st May to Friday, 2nd 
June 1961. 

The programme is as follows: 


Wednesday, 31st May 

Morning Session 

10 a.m.—Opening by ir. W. P. Kerkhof, 
President of the Netherlands Welding 
Society. 

10.15 a.m.—12.30 p.m.—Presentation 
and discussion of the papers on ‘Weld- 
ability’. 

“Some remarks on weldability of 
aluminium”, by Prof. ir. G. Westen- 
dorp 

“Factors influencing the properties 
of welds in aluminium”, by J. C. 
Bailey, B.Sc., F.I1.M. and G. W. 
Eldridge, A.I.M. 

(Chairman: ir. W. P. Kerkhof) 


Luncheon 


Afternoon Session 


2.0—4.0 p.m.—Presentation and discus- 
sion of papers on ‘Construction’. 
“Some notes on the design of chemi- 
cal equipment in aluminium”, by 
Prof. ir. F.C.A.A. van Berkel and 
Prof. ir. E. F. Boon 
“Some design considerations for 
welded aluminium” by S. R. Banks, 
M.Eng., A.M.I.C.E., M.1.Struct.E., 
and R. E. Smith, M.A. 
(Chairman: Mr. Edgar Fuchs, 
M.A., M.I.Mech.E., President of 
the Institute of Welding.) 
5.30 p.m.—Reception at the Town Hall 
by the Mayor and Corporation of 
Utrecht. 


Other Societies 


INSTITUTE ACTIVITIES 


Thursday, Ist June 
Morning Session 


10.0 a.m.—12.30 p.m.—Presentation 
and discussion of the papers on 
‘Welding’. 

“Aluminium welding practice’, by 
L. Capel 
‘Development of Mig techniques for 
welding aluminium”, by D. Slater, 
B.Sc. and J. E. Tomlinson, B.Sc., 
A.M.I. 
“Recent specification for Class I 
pressure vessels of aluminium and 
aluminium alloys’, by F. Smith, 
D.F.C., B.Sc. (Eng.), M.E.T. 
(Chairman: Prof. ir. C.A.A.v.d. 


Woude, Director, Netherlands 
Centre for Welding Technique.) 
Luncheon 
Afternoon Session 
Visit to the Welding Exhibition 
“Lastu-61”’. 


7.0 p.m. (approx.)—Informal dinner to 
which British guests are cordially 
invited. 


Friday, 2nd June 

Industrial Visits 

(9.0 a.m.—6.0 p.m.) 

(1) The Shell Refinery at Pernis (morn- 
ing) and The Shipyard of Wilton- 
Fijenoord N.V. at Schiedam (after- 
noon). (Pernis-Schiedam by boat); 


or 

(2) N. V. Philips Gloeilampenfabrieken, 
Eindhoven. 
Demonstration of stereophonic 
sound and three-dimensional pro- 
jection, visits to Light Laboratory 
and to industrial equipment and 
television factories; 
or 





































































































(3) Werkspoor N.V., Amsterdam 


(morning) and Utrecht branch 
(afternoon). 
Amsterdam: Manufacturing and 


assembly of ali sizes of diesel en- 
gines. Under construction are en- 
gines in non-magnetic materials. 
Utrecht: Visit to a newly built shop 
for fabrication of pressure vessels. 
Demonstration of aluminium weld- 
ing. 

The papers for discussion are pub- 
lished in this (May) issue of BWJ and in 
the April issue of Lastechniek. 

The closing date for enrolment was 
15th April. 


Exhibition and Conversazione 


The South London Branch of the 
Institute of Welding is organising an 
Exhibition and Conversazione on Wed- 
nesday, 14th June, with the theme 
“Quality control in welding’. 

This will feature a display of failed 
welds, structures, and vessels in a range 
of thicknesses in mild steel, stainless 
steel, aluminium, and other alloys. The 
effect of defects on mechanical proper- 
ties will be demonstrated in a special 
display, as will research into non- 
destructive testing methods.” 

The manufacturers of non-destructive 
testing equipment are co-operating in 
showing a comprehensive display of 
latest techniques including: 

Ultrasonic examination of welds 

Betatron and other modern radio- 

graphic techniques 

Xero radiography 

Fluorescent and dye penetrants 

Magnetic crack detection 

Leak testing. 

Kindred organisations in the inspec- 
tion and quality control fields are being 
invited to the meeting, which will be 

















Automatic Grinding of Welds 
for X-ray Inspection 


The grinding of welds becomes a completely automatic process with the 
Thompson grinding head. This machine manufactured by Donald Ross 
& Partners Ltd., speedily removes excess weld overburden and provides 
a quality finish which is ideal for X-ray inspection purposes. The head 
will automatically grind both longitudinal and circumferential welds and 
it is mounted on a column and boom so that it can be used on both the 
internal and external seams of welded cylinders, boiler shells and pressure 
vessels, etc. The machine relieves up to four operators of the noisy and 
arduous task of manual grinding and requires only one semi-skilled work- 
man for its successful operation. The Thompson grinding head is fast, 
efficient and automatic. It is a modern machine which will save time, 
labour and money in addition to speeding up production. 


ROSS DONALD ROSS & PARTNERS LTD + Crawley + Sussex 
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SEIRION BY SATURN 


Each Saturn branch listed below stocks 
the Saturn Seirion D.C. Tungsten Argon 
Arc Welding Unit for immediate delivery. 
Developed specifically for the welding 
of stainless steel, nickel chromium alloys, 
copper and copper alloys the ‘Seirion’ 
uses a D.C. power source. It is, there- 


fore, ideal for site work. Operation is 
automatic and no ancillary equipment 
such as foot switches or economisers is 
required. Radio interference is negligible. 
The ‘Seirion’ is very compact and 
portable, measuring only 133 in. x 104 in. 
x 8} in. and it weighs 25 lbs. 


For welding equipment and gases and service — see Saturn ! 





SATURN INDUSTRIAL GASES LTD. 


‘Eri Wood’, Windlesham, Surrey 
Telephone: Bagshot 2441 


Branches: SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 


BRITISH WELDING JOURNAL 


















similar to the successful 1959 Con- 
versazione. 

The exhibition will be open from 
3 p.m. until 8.30 p.m., and iea will be 
provided on the terrace of the Institute 
during the afternoon and evening. 

Further details are obtainable from 
the 

Honorary Secretary 

N. T. Burgess, Esq. 

Central Electricity Generating Board 

157 Blackfriars Road 

London S.E.1 


COUNCIL NOMINATIONS 


The Council has unanimously agreed 
to the following nominations for the 
Council Elections of 1961. 


President 
Mr. H. West, M.Sc., M.I.Mech.E. 


Vice-Presidents 


Mr. C. H. Davy, M.1I.Mech.E. 
Mr. L. Redshaw, M.Eng., M.R.I.N.A. 


Honorary Treasurer 
Mr. W. E. Harriss 


To represent Industrial Corporate 
Members 


Mr. E. V. Beatson, B.Sc.(Eng.), M.1.E.E 
Mr. J. McLean, B.Sc.(Eng.), A.R.T.C. 
(Glasgow) 


To represent Fellows, Members, and 
Associate Members 


Mr. M. Birkhead, A.Met., A.I.M. 
Mr. V. W. Clack, A.M.I.Mech.E., 
A.M.1.Prod.E. 

Mr. S. H. Griffiths, F.I.M. 

Mr. T. Mclver 

Mr. H. Martin 

Mr. E. S. Waddington, F.S.E., 
A.M.S.A.I.Mech.E., Assoc.I.E.E., 
Assoc.S.A.1.E.E. 

Mr. R. M. Watts, M.I.Mech.E. 

Dr. R. Weck, M.I.C.E., M.I.Mech.E. 


To represent Companions 
Mr. J. Hooper 


To represent Associates 


Mr. A. Evitts 
Mr. A. Miller 


ELECTION OF MEMBERS 


The following elections have been 
made, effective from 15th December, 
1960. 


Members 
TE. J. French (Cambridge). 


Associate Members 


R. S. Belsten (Bristol); H. N. C. Bryan 
(Worcs); R. E. Dilks (Whitley Bay); D. 
Jones (Chester le Street); D. K. Roy 
(India). 
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Graduates 


A. R. Bawden (Lincs); P. R. Ham- 
mond (London); A. E. Obasogie (Ni- 
geria); J. E. Williams (Birmingham). 


Associates 
G. Bonson (Glasgow); J. M. Harper 
(Stockton on Tees). 


The following elections have been 
made, effective from 26th January, 1961. 


Members 


*A. S. Bartlett (S. Wales); W. Bates 
(Manchester); T. M. Calvert (Herts); 
A. M. Carrick (Glasgow); T. S. Mac- 
Neish (London); L. M. Morley (Chester- 
field); A. B. C. Rankin (Essex); *K. 
Ward (Essex). 


Associate Members 
T. L. Allen (Leics.}; G. Brazendale 
(Warrington); W. J. Griffiths (Penketh 
Lancs.); tN. J. Hill (Cheshire); H. V. 


. Huxley (Somerset); {M. J. Kaye (Ban- 


bury); J. H. Lane (Banbury); D. L. 
Matthews (Bath, Som.); C. J. E. Morris 
(Berkhamsted); F. B. Perry (Saltcoats, 
Ayres.); M. Saleh (Egypt); A. J. Smart 
(Bristol); D. C. Smith (Worcs.); L. West 
(Lincoln); N. T. Williams (Surrey); J. 
B. P. Williamson (Cambridge); B. F. 
Worrall (Warrington). 


Companions 
G. Betts (Wakefield); R. Moore 
(Worcs.); J. S. Owen (Cheshire); B. G. 
Reynolds (Essex); G. H. Richardson 
(Co. Durham); D. W. E. Stafferton 
(Sheffield). 


Graduates 


P. H. Baldwin (Walsall); B. Maynard 
(Middx.); G. A. Peacock (Swarkestone, 
Derbyshire). 


Associates 


J. Adam (Paisley); D. J. Barry (Lon- 
don); E. Cleary (Rotherham); H. E. C. 
Cleverley (Wiltshire); G. J. Davies 
(Glamorgan); R. Eacott (Staffs); J. M. 
Everett (Barrow in Furness); P. Gough 
(Castleford); D. V. Heydon (Swindon, 
Wilts.); K. L. Ho (Malaya); A. J. 
Hulme (Co. Durham); D. T. Parr (Lon- 
don); A. G. Rainey (Staffs); J. A. Skeate 
(Surrey); T. J. Sullivan (London); A. J. 
Udell (Swindon); G. Ward (Yorks); 
D. W. J. C. Young (Watford). 


The following elections have been 
made, effective from 23rd February, 
1961. 


Members 


A. W. F. Comley (Worcs.); E. G. 
West (Herts.) 
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Associate Members 


J. G. Fowlie (Pembrokeshire); G. W. 
Ransome (Canada); E. Whaley (Co. 
Durham). 


Companions 
G. C. Blears (Bolton); V. F. L. Caers 
(Middx.); G. E. J. Chamberlin (Leeds); 
N. W. Dando (Bristol); T. Fullwood 
(Liverpool); W. R. Hills (Cheshire); 
R. Redpath (Chester le Street); W. 
Sullivan (Essex). 


Graduate 
R. W. Hill (Middx.) 


Associates 


R. A. Cooke (Birmingham); T. H. W. 
Curtis (Windsor, Berks.); E.R. Dungar 
(Wolverhampton); J. McCulloch (Glas- 
gow); B. Murray (Dublin); K. W. Pea- 


“cock (Middx.); T. J. Willetts (Stour- 


bridge). 
Industrial Corporate 
Members 
Archibald Low & Sons Ltd. (Scot- 


land); The Cleveland Bridge & Engin- 
eering Co. Ltd. (Co. Durham). 





* Transfer from Associate Member. 
+ Transfer from Companion. 
t Transfer from Associate. 


Post-Graduate Course in Welding 


Technology 
British Oxygen Welding Bursaries 

In another part of this issue (p.258) 
we print the prospectus of the Post- 
Graduate Course in Welding Tech- 
nology, which opens on 9th October, 
1961, at the College of Aeronautics, 
Cranfield, Bletchley, Bucks., and closes 
on 6th July, 1962. 

The British Oxygen Company have 
provided two bursaries of the value of 
£600 each, tenable in this course, and 
the Council of the Institute of Welding 
now invites applications for awards 
from suitably qualified persons. 

Applicants should be graduates in 
engineering, naval architecture, or metal- 
lurgy of a British university or should 
hold equivalent educational qualifica- 
tions. They should have experience in 
the practice or advanced teaching of 
engineering or metallurgy. They should 
be not more than 30 years of age on Ist 
October, 1961. 

The tuition fees for the year’s course 
are £75 and the residence charge, in- 
cluding full board during terms and the 
rent of an individual study bedroom, is 
£126 10s. Od. These charges will be paid 
by the student out of the emoluments 
of the bursaries. 

Selected students may spend the long 
vacation of 1962 in project work at the 
College. 

Applications should be made by 
letter to the Secretary of the Institute of 
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Welding, 54 Princes Gate, Exhibition 
Road, London S.W.7, and should give: 
(1) date of birth, (2) nationality, (3) full 
particulars of general and _ technical 
education (schools, colleges, with dates, 
courses attended, examination results), 
(4) an account of industrial experience 
(names of employers, designation of 
posts held, nature of responsibility and 
dates), or of experience in teaching, (5) 
should name two persons willing to 
furnish confidential references, and 
should include (6) an undertaking to 
accept a bursary if awarded and to 
complete the course as a_ resident 
student at the College of Aeronautics. 

The award will be made by the 
Council of the Institute of Welding, 
acting on the report of assessors, who 
will interview selected candidates in 
London between 12th and 16th June, 
1961. 

The closing date for the receipt of 
applications as Ist June, 1961. Candi- 
dates who are invited for interview will 
be notified by 7th June. Awards will be 
announced on 14th July, 1961. 


Swiss Association for Welding 
Technique 

This Association, which was estab- 
lished in March 1911 as the “Swiss 
Acetylene Society’, celebrated its Jubilee 
on 23rd and 24th March. The Associa- 
tion invited the Institute to send a 
representative, and Council requested 
the immediate Past-President, Mr. Sey- 
mour-Semper, to undertake this duty. 
Other countries who sent representatives 
included France, Germany, Belgium, 
Holland, and Sweden. 

The Public Session commenced on 
23rd March with a Beethoven symphony 
played by a very delightful quartet. 
Speeches were then made by Mr. G. 
Kaiser, President of the Swiss Associa- 
tion, two Government representatives, 
and Mr. P. Goldschmidt-Clermont, 
Past-President of the International Insti- 
tute of Welding. 

In the afternoon, visits were paid to 
local factories, followed by a Municipal 
Reception. A Banquet was held in the 
Casino de la Ville at which our repre- 
sentative, along with others, was able to 
offer good wishes on behalf of the 
Institute of Welding. 

The following day was devoted to 
technical papers on various aspects of 
welding which in due course will be 
published in the official Journal of the 
Association. 


NEWS OF MEMBERS 


Obituary 

The Council records with regret the 
death of the following member: 

Mr. J. G. Williams (South Wales 
Branch, Hon. Member 1937). Mr. 
Williams was a Past-President of the 
Birmingham Branch. 
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With great regret we record the death, 
on 24th March, of Lady Lillicrap, wife 
of Sir Charles Lillicrap, K.C.B., M.B.E., 
President of the British Welding Re- 
search Association and a Past-President 
of the Institute of Welding. 

Lady Lillicrap was a familiar and 
well loved figure at gatherings of the 
Association, and all members of the 
Institute and the British Welding Re- 
search Association will wish to offer 
their sympathy to Sir Charles. 


CONTRIBUTORS TO THE 
JOURNAL 


(In April issue BWJ) 


Bernard Howard Baker, A.Inst.W., 
who is Senior Development Engineer, 
Semi-automatic Processes, at the Quasi- 
Arc Works of B.O.C., was born in 
London in 1924. He received a grammar 
school education at St. Ignatius College, 
Stamford Hill and at St. Chad’s College, 
Wolverhampton, and studied part-time 
in welding and metallurgy at Birming- 
ham and Wolverhampton Colleges of 
Technology. 

Mr. Baker joined Quasi-Arc Ltd. 
(now B.O.C.) in 1940 and, apart from 
army service (mainly with the Royal 
Signals) from 1944 to 1947, has re- 
mained there since. His duties with the 
company are mainly with Technical 
Departments, and since 1953 he has 
concentrated extensively on semi-auto- 
matic bare wire processes. 


N. Crevis, B.Sc., was born in 1931 
and was educated at Raines Grammar 
School and at the Polytechnic, where he 
obtained an honours degree in Physics 
in 1951. On graduating, Mr. Crevis 
joined The British Oxygen group of 
Companies as a physicist, and has been 
concerned with research and develop- 
ment on arc welding. 


F. W. Lunau, D.F.H., A.M.I.E.E., 
was born in 1922 and was educated at 
St. Paul’s School and at Faraday House 
Engineering College. After wartime ser- 
vice in the Electrical Branch of the 





B. H. Baker 


N. Crevis 


R.N.V.R. he was engaged firstly with 
the Gold Coast Government and then 
with Preece, Cardew & Rider, Consult- 
ing Engineers, on design and construc- 
tion of power stations. In 1957 he joined 
British Oxygen Research and Develop- 


ment Ltd., now the Scientific Division: 


of The British Oxygen Co., as a Senior 
Electrical Engineer, and has been largely 
engaged on research on bare wire gas- 
shielded welding. 


Dr. N. Stephenson, formerly with the 
Ministry of Supply, National Gas Tur- 
bine Establishment, leads the Welding 
Section of the D. and R. Laboratories, 





International Nickel Company (Mond) 
Limited, Birmingham. He graduated in 
Metallurgy from the University of 
Sheffield in 1945, and obtained his Ph.D. 
in 1947. 


CONTRIBUTORS TO THE 
JOURNAL 


Cn this issue BWJ) 


S. R. Banks is Head of the General 
Engineering Division of Aluminium 
Laboratories Ltd., Banbury. A civil 
engineer by education and training, 
he has been at Banbury since 1947. 


Professor Ir. Frans van Berkel, born 
in Eindhoven, the Netherlands, in 1927, 
was educated at a latin school and at 
Delft Technical University, where he 
obtained his Degree in Mechanical 
Engineering in 1951. He worked for 





F. W. Lunau 








cee ay Kt POs Oe 


be GT 











S. R . Banks 


about seven years with the rayon and 
synthetic fibre concern Algemene Kun- 
stzijde Unie N.V., at Arnhem, with the 
design and development departments. 

In the following two years he acted as 
the project leader for the construction 
and starting up of the AKU/Goodrich 
synthetic rubber plant in Holland. 
Subsequently he was appointed a full 
Professor in Chemical Engineering at 
Delft Technical University. 


Professor Ir. E. F. Boon is Professor 
Extraordinary in Nuclear Engineering 
at Delft Technical University. He was 
born in 1913, and at the age of 24 he took 
the Degree of Mechanical Engineering 
of Delft Technical University. 

In 1938 he joined the Royal Dutch 
Shell Group as Mechanical and Chem- 
ical Engineer and remained with them 
until 1949. He then became full Professor 
in Chemical Engineering at the Uni- 
versity and ten years later was appointed 
to his present position. 

Since 1959 Professor Boon has also 
acted as Chief Engineer to the AKU 
group of companies; he is also advisor 
to the Netherlands Government on 
nuclear matters, and is a member of 
the Scientific Technical Advisory Com- 
mittee of ““Euratom”’. 


L. Capel is Chief Engineer of Werk- 
spoor N.V., Utrecht, Netherlands. 


F. Smith, D.F.C., B.Sc.Eng (Met.) 
is a Technical Officer on the staff of 
Imperial Chemical Industries Ltd., and 
deals with metallic and non-metallic 
materials of construction for chemical 
plant. He joined the Company in 1937, 
and after service in the Royal Air Force 
graduated externally from London 
University. 


R. E. Smith, Head of the Structures 
Section of the Engineering Research 
Division of Aluminium Laboratories 
Ltd., Banbury, graduated in Mechan- 
ical Sciences from Cambridge University 
in 1948, and has since been employed in 
the Laboratories. 


(It is regretted that the portrait of 
R. E. Smith was printed in the April News 
Section in place of that of R. S. Smith. 
Both portraits are now shown above.) 


F. van Berkel 
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Dr. C. F. Tipper, M.A., Sc.D., D.Sc., 
(Constance Fligg Elam) was, until last 
year, Reader at the Cambridge Univer- 
sity Engineering Department. She was 
educated at Newnham College, Cam- 
bridge, and worked at the Royal School 
of Mines under the late Sir Harold 
Carpenter and in Cambridge with Sir 
Geoffrey Taylor on the production and 
distortion of metal crystals. 

She married G. H. Tipper of the 
Indian Geological Survey, and returned 
to Cambridge working in the Mineralo- 
gical and Engineering Departments, 
where, during 1939-1943, she lectured 
and ran the metallurgical laboratory. 

In 1943 Dr. Tipper began work with 
Professor Baker for the Admiralty Ship 
Welding Committee, which continued 
until June 1960. 

She was appointed Reader in the 
Engineering Department in 1949 until 
her resignation in June 1960. 


BRANCH NEWS 


East Midlands 


On Wednesday, 18th January 1961, a 
paper was given at Loughborough Col- 
lege by Mr. K. D. S. Semper on “Deve- 
lopments in flame cutting and flame 
planing”’. 

Mr. Semper opened his lecture by 
giving the history of oxy-acetylene cut- 
ting from the time it began, in about 
1887, to its many present-day uses. 


Flame Cutting 


R. E. Smith 





L. Capel 





R. S. Smith 


Cutting today is no longer a back- 
yard job, and as accuracy is of utmost 
importance in industry, it is essential 
that all the equipment is maintained 
efficiently in order that improved output 
can be achieved: neglected equipment 
can cause a lot of trouble. 

There was a lengthy discussion on the 
cutting of mild steel, the different 
methods that may be used when cutting 
stainless steel, plus the merits of intro- 
ducing a powder or sand into the oxygen 
stream, and the use of a tungsten arc, 
shrouded by inert gas, in the cutting of 
aluminium. 

In all cutting the economics of cost 
and speed have to be carefully con- 
sidered, and the type of gas used plays 
an important part in the cost. 

Mr. Semper spoke of the automatic 
machines that are made and stressed 
the importance, when three burners are 
being used, of the correct sequence of 
cutting in relation to each burner used: 
the methods of controlling distortion 
during multi-cutting operations were 
also mentioned. 

Finally, Mr. Semper enlightened his 
audience on the theory of cutting by 
electronically controlled machines. 

At question time he was kept very 
busy answering questions ranging from 
what process is best to use when cutting 
stainless steel to avoid contamination of 
the edges, to what is the thinnest mate- 
rial which can be cut satisfactorily. These 
were dealt with in a very satisfactory 
manner. 





286 


In a vote of thanks to Mr. Semper, 
Mr. Houghton said how grateful they 
were for this interesting paper, which 
covered such a broad field in the history 
of flame cutting. 

H.S-C. 


The fifth meeting of the 1960-1961 
Session was held at 25 Charlotte Square, 
Edinburgh on Wednesday, 15th Feb- 
ruary 1961. 

The meeting took the form of a lecture 
entitled “Recent advances in electric 
all given by D. B. Tait of B.O.C. 

td. 

The lecture was open to any interested 
persons, and it was well attended by 
members and friends. 

The speaker covered aspects of the 
latest techniques in manual, semi-auto- 
matic and fully-automatic processes. 

The talk commenced on semi-auto- 
matic argonarc welding, and some of 
the advantages mentioned were: 

(1) Smaller and neater welds (down to 

gyin. for aluminium) 

(2) Lower voltage and current (giving 
cheaper electricity accounts) 

(3) Five times faster than gas welding 

(4) Faster deposition (making gap fill- 
Ing easier) 

(5) Twice as fast as manual welding 
with ordinary electrodes, with the 
added advantage that no de-slagging 
is required with argonarc. 

The speaker touched on _ several 
methods of welding, which included sub- 
merged-arc and COg, but his main pur- 
pose was firstly a description of welding 
thin gauge metal, then in complete 
contrast the welding of metal 1 in. thick 
and over. Mr. Tait went on to describe 
the application of electro-slag welding. 

The lecturer gave numerous sketches 
by way of explaining certain points, and 
a number of slides of diagrams and 
equipment were shown. 

Of electro-slag welding it was men- 
tioned that extensive research is at 
present going on in Britain and at the 
moment it has a limited application, but 
it is being used on a large scale in the 
Soviet Union. This type of welding gives 
good tensile and mechanical properties 
and low distortion, and good radio- 
graphs have been obtained. 

A discussion followed the lecture, 
which brought out some interesting 
points, and was helpful to those present. 
The meeting concluded with a hearty 
vote of thanks, and the hope expressed 
that we would have a further visit by 
Mr. Tait in the not too distant future. 


R.B. 


For the 6th meeting of the session 
held on Ist February, Mr. A. M. Hors- 
field, M.A., A.I.M., talked to Branch 


Electro-slag welding 
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members and guests on “Electro-slag 
welding”. 

Introducing the speaker, the Branch 
Chairman, Mr. E. H. Lee, said that Mr. 
Horsfield was probably the most know- 
ledgeable person in the country on this 
subject at the present time. 

Mr. Horsfield commenced by saying 
that the electro-slag process could be 
defined as the continuous melting and 
refining of a metal by feeding it into a 
high-temperature slag bath, the heat 
required being derived from the passage 
of an electrical current through the 
metal and the slag. The success of the 
process depends upon the fact that 
certain fluxes when fused become ion- 
ised, and are thus capable of conducting 
an electric current. The depth of the bath 
of fused flux can be adjusted so that the 
resistance between the tip of the metal 
being fed into the bath, and the fused 
metal . beneath the flux will enable 
sufficient heat to be developed at a given 
current to melt the metal being fed into 
the fused flux at its feed rate. 

The ability of the process to produce 
sound metal has led to its application in 
three important fields: 

1. Welding industry 

2. Foundry industry 

3. Steelmaking industry. 

The process was first introduced by 
the Russians about ten years ago and 
their object was to make possible the 
manufacture of large forgings and pres- 
sings, which were beyond the capacity of 


_the Russian foundries at that time. The 


method used was to make the forgings 
in small manageable parts which were 
then joined together by electro-slag 
welding. It proved so successful that 
other applications were quickly found, 
and it has now become the preferred 
method of welding in the Soviet Union. 
It is the only fully automatic process 
which works in the vertical position, and 
the Russians now manipulate many of 
their jobs into this position, so that 
electro-slag welding can be used. Al- 
though the welding machines have been 
developed to a high degree of efficiency 
by continual modification over the past 
ten years, some of the original machines 
built by the Paton Institute in Kiev are 
still giving satisfactory service. 

Mr. Horsfield went on to describe the 
process in much detail, saying that the 
temperature of the slag bath reaches 
2400°C. and that water-cooled copper 
shoes are used to retain the molten metal 
and slag bath, and shape the weld bead. 
The water cooled shoes are connected to 
the carriage of the welding machine, 
which moves up the seam as welding 
proceeds. No special plate preparation 
is required other than square edges, 
flame cut or machined, and set up with a 
parallel vertical gap }-14 in. wide 
according to the plate thickness. 

Two types of machine are available, 
the larger to weld plates up to 20 in. 
thick using three electrode wires, and 


the smaller for plates up to 4 in. thick 
using one or two electrode wires. The 
process can be operated with either a.c. 
or d.c. power supplies. 

Details were given of power source 
characteristics, fluxes and filler metals 
and the metallurgical aspect of the 
electro-slag welding process. Typical 
applications, such as thick walled pres- 
sure vessels, heavy press frames, turbine 
shafts, press cylinders, etc., were illus- 
trated with slides and diagrams. 

Some interesting questions were put 
to Mr. Horsfield at the conclusion of his 
lecture, and it was most unfortunate that 
some would-be questioners had to go 
unheard, due to lack of time. The vote of 
thanks to the speaker for a most inter- 
esting lecture was proposed by Mr. 
J. M. Whitworth. 


Sheffield 


A Joint Meeting was held with the 
Sheffield Branch of the Institution of 
Production Engineers on Monday, 12th 
December 1960. The lecturer on this 
occasion was Mr. G. Walton of the 
British Transport Commission, and his 
talk covered, in detail, the building of 
carriages and bogie frames by fabrica- 
tion. The talk was very well supported 
by slides illustrating procedures adopt- 
ed. Mr. Walton emphasised the need for 
paying special attention to tests of elec- 
trodes and to joint preparation. 

During the discussion which followed, 
Mr. Earl asked if inspection during ser- 
vice was carried out and what form it 
took. A very detailed reply was given by 
the speaker, which left no doubt in the 
minds of all present as to the thorough- 
ness of the British Transport Commis- 
sion in these matters. The speaker was 
asked his opinion on cast steel bogie 
frames and fabricated ones: it was 
considered that fabricated frames were 
equally as efficient and probably the 
economics were in favour of fabrication. 

Mr. J. A. McWilliam pointed out that 
stainless steel was used on the Continent, 
and the lecturer was asked why, in his 
opinion, this was not the practice in this 
country. The answer was that the cost 
could be three times that of mild steel 
and the weight saving and other econo- 
mies would not be justified. The very 
lively discussion continued until closure. 

A total of 57 members attended and 
it can be safely said that this Joint Meet- 
ing is becoming very popular. 


Src Wo 


On Monday, 6th February, Mr. John 
S. Allen, A.M.I.C.E., M.Inst.W., of 
Horseley Bridge & Thomas Piggott Ltd., 
Tipton, presented a lecture entitled ““The 
use of welding in structural engineering”. 
The lecture held, by kind permission of 


A.C.M. 


Transport Welding 
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This handbook is essential 





To: Henry Wiggin & Company Limited, Wiggin Street, Birmingham 16 
Please send me without charge a copy of your new publication :— 


‘WELDING, BRAZING AND SOLDERING OF WIGGIN 








This new 86-page publication provides you with the HIGH-NICKEL ALLOYS’ 
most up-to-date data for guidance in joining Wiggin 
High-Nickel Alloys:—Oxy-acetylene, Metal-arc, NAME 
Argon-arc, Resistance and Flash-butt welding. It 
also contains sections dealing with the welding of APPOINTMENT OR DEPT.__ 
dissimilar metals and on the lining of vessels. 
COMPANY AND ADDRESS 
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CHROMOID 10! 

THE HIGH OUTPUT 
STAINLESS STEEL 
ELECTRODE 


Here it is to boost production wherever 
stainless steel is welded. It's the new BOC 
“Quasi-Arc’ CHROMOID 101 electrode. 


3S Mild steel core permits use of high 
currents. 

>. Up to 40% more weld metal than con- 
ventional S.S. electrodes. 

28 Ideal for touch welding and positional 
work. 

*© Excellent radiographic results are ob- 
tainable. 

* Easier slag detachability. 





There's a free sample waiting for you. Send 
for it now to: 


0) THE Sa Oe ACe a) me On On. mae a) ie 4 LT D (@) 


Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 
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the Directors of Messrs. Stothert & Pitt 
Ltd., Bath, in their New Canteen (ex- 
tremely well appointed for such pur- 
poses) was a great success, and indeed 
this annual function may now be 
regarded as one of the highlights of the 
South Western Branch’s programme. 
Mr. Allen commenced his lecture by 
mentioning the advantages to be ob- 
tained in the use of welding in structural 
engineering and showed the savings 
when welding was applied to light struc- 
tures, columns and struts, beams and 
beam connections, plate girders and 
rigid frames. He then considered the 
various aspects of the fabrication of the 
different types of unit and showed slides 
indicating the amounts of shrinkage to 
be expected from standard fillet and butt 
welds. From these figures it was possible 
to estimate the probable amount of 
overall contraction of any unit. Where 
welding is unbalanced about the neutral 
axes of the sections it is necessary to 
take special precautions to avoid un- 
acceptable distortion. Methods of pre- 
loading and presetting were discussed 
and an example shown of the fabrication 
of I sections where three members were 
clamped together and by a suitable 
welding procedure four completed units 
were produced from two set-ups. Re- 
commendations were given for the 
fabrication of girders and rigid frames 
and the advisability of completing the 
flange and web joints at the ‘piece small’ 
stage was stressed. Methods of correct- 
ing distortion by the application of heat 
from an oxy-acetylene torch were shown. 
Mr. Allen then considered the appli- 
cation of welding to work on site and 
showed the many cases where it can be 
used to advantage. Careful forethought 
should be given to the fabrication of all 
welded work both in the shops and on 
site, and fabrication and welding pro- 
cedures should be established for all 
important work. These procedures will 
enable the work to be properly controlled 
and will ensure that all steps possible 
have been taken to reduce distortion and 
minimise residual stresses. The proce- 
dures as initially conceived may well not 
be the most satisfactory, but they will 
have exercised a proper control and of 





NEWS AND ANNOUNCEMENTS 


Completed girder being lifted into 
position. Girders were fabricated 
in three pieces, and straight-through 
site joints were welded after the 
pieces had been assembled on 
temporary staging 


course are capable of modification in the 
light of experience on the first members 
produced. 

The speaker concluded by discussing 
the shop and site welding of heavy crane 
girders for a steelworks extension and 
of a number of high-tensile steel girders 


_ for a river bridge. Some coloured slides 


were shown of the work in progress on 
the bridge girders. The adoption of the 
recommendations made in the early part 
of the talk to these contracts enabled 
the work to be completed successfully. 

During an interesting discussion, Mr. 
Allen dealt in detail with the positional 
butt welding technique developed for 
joining the pre-fabricated plate girders 
on site, mentioning the type of welding 
electrode used, sequence of weld runs, 
radiological examination of the com- 
pleted joint and so on. 

In proposing a vote of thanks Mr. G. 
Foster of Stothert & Pitt expressed 
appreciation to Mr. Allen for a first-class 
lecture and also commended him on his 
colour photography. 

Mr. A. J. Francis, Branch President, 
thought that lectures of this nature 
would encourage young engineers to 
consider linking up with Institute of 
Welding membership, thus ensuring that 
they kept abreast with the latest welding 
developments which would be of con- 
siderable assistance to them in their 
careers. 

E.M.W. 


67 ton crane girder 107 ft -long 
during trial assembly at the works. 
The flanges are 2} in. thick and the 
webs } in. thick, with 2 in. tongue 
plates 
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Bridge welding 


At the meeting of the Branch on 18th 
January there was once again ‘standing 
room only’ available—this time to hear 
a most interesting and well illustrated 
paper by Mr. J. S. Allen on “Construc- 
tion and Erection of Welded Structural 
Steelwork’’ with particular reference to 
some recent high-tensile steel bridge 
girders. 

Mr. Allen is well-known for the de- 
tailed investigations he has carried out 
in preparing suitable welding pro- 
cedures for this type of work, and he 
opened his talk with a description of 
some of the more general fundamental 
principles. Probably the most important 
of these is the shrinkage and distortion 
which can occur during the welding of a 
large fabrication, and typical allowances 
are 4 in. per 10 ft longitudinally and 
d-}; in. transversely. These values 
depend, of course, on the fit-up and the 
welding process used—the automatic, 
high-current processes tending to give 
rather less distortion. Mr. Allen em- 
phasized that the designer could help 
considerably by keeping welding to the 
absolute minimum and ensuring that 
welding was balanced about the neutral 
axis as far as possible. Various methods 
of preventing ‘unavoidable’ distortion, 
such as on the flanges of long girders, 
were described, including a triple ‘back- 
to-back’ method in which four members 
were completed on a manipulator in 
only two settings. 

In fabricating a girder it is preferable 
to build up flanges and webs to their 
full length before assembly as a girder, 
but in cases where this is impossible, 
such as on site, a very careful welding 
procedure had to be established. Usually 
this involved assembly with the gap 
between the web plates about + in. 
greater than required. The flange welds 
are first partly (two-thirds) completed, 
then the web weld is carried out, back- 
shipped and completed, and finally the 
flange welds are completed. The latter 
operation helps to relieve some of the 
locked-up stresses carried by the web 
weld. 
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Sometimes the procedure specified 
does not work out right first time, and 
correction of distortion becomes neces- 
sary. However, Mr. Allen emphasised 
that this was far preferable to allowing 
a random procedure, since suitable 
modifications can always be made in the 
light of experience. 

The site construction of a high-tensile 
steel bridge presented some particularly 
interesting problems, not the least of 
which was salvaging the outboard motor 
of the personnel ferry—humorously 


described by Mr. Allen. Owing to the 


curvature of the lower flange it was un- 
desirable to have machining allowances 
at the ends of each section of the 
girders, and weld shrinkages were there- 
fore carefully pre-determined and suit- 
able allowances were made. Preheating 
was avoided as far as possible by the 
choice of weld preparations which per- 
mitted the use of large electrodes. In 
some cases this involved the deposition 
of fillets of unequal leg-length, giving the 
equivalent strength of a smaller sym- 
metrical weld. 

Mr. Allen concluded his talk by 
showing some magnificent colour slides 
taken at various stages of construction 
and he and Mr. Flintham, who so kindly 
lent the Branch his projector, are to be 
congratulated on an excellent exhibition. 

Mr. A. C. Clements opened the dis- 
cussion with some pertinent points 
regarding distortion and _ shrinkage 
across heavy butt welds and Mr. Allen 
agreed that in some cases unequal 
double-V preparations were preferable. 
The use of firebuckets for preheating 
received caustic comment, but this was 
ably dealt with by the speaker who con- 
sidered that their days were not yet 
numbered. Mr. Bennett regretted that 
so little use had been made of automatic 
welding in this field, particularly in view 
of the benefits which Mr. Allen had 
mentioned. 

Mr. Allen was kept busy answering 
numerous other questions, and after Mr. 
Harper had proposed a hearty vote of 
thanks our Chairman reluctantly called 
another highly successful meeting to a 
close. 

B.K.B. 


EDUCATION 


Post-Graduate Course in Structures and 
Materials 


The 1961-62 post-graduate course in 
Theory of Structures and Strength of 
Materials will be held in the Department 
of Engineering, Cambridge University, 
beginning on 9th October 1961 and 
finishing in June 1962. 

The latest advances made in the 
understanding of the behaviour of 
metallic structures under static, repeated, 
or fatigue loading wl be the principal 
subject of the course, with particular 
emphasis on welding as a method of 
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fabrication. No attempt will be made to 
teach conventional methods of design, 
but present-day practice and possible 
future developments will form the sub- 
ject of critical study. 

The object of the course is not to train 
research workers, but to help engineers 
to apply the latest advances in know- 
ledge. The course will include lectures, 
colloquia and laboratory work, and each 
student will be encouraged to make a 
detailed study of some problem of par- 
ticular interest to him. 

The -course is open to university 
graduates with industrial experience, 
and to others with suitable equivalent 
qualifications and of sufficient experi- 
ence to obtain full benefit from a post- 
graduate course. 

Further details and forms of applica- 
tion for admission may be obtained from 
the Secretary, Cambridge University 
Engineering Laboratory, Trumpington 
Street, Cambridge. The completed forms 
of application should be returned to the 
Secretary not later than 31st May 1961. 


NEW PLANT AND EQUIPMENT 


Voltage surge detector 


Portable Welders, Ltd. Buckingham, 
have introduced a transient voltage 
surge detector, which enables the actual 
surge to be seen on a c.r.o. as a fixed 
image. Suitable values of capacitance 
and resistance can then be brought into 
the circuit to suppress or greatly reduce 
the surge. 


Argonarc torches 


The full range of Tec Torch Co. 
(U.S.A.) products is now being mar- 
keted in Britain by Interlas Ltd. The 
range includes air- and water-cooled 
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argonarec torches in both pencil and 
angled types for manual welding, mach- 
ine torches for automatic welding, and 
argonarc spot welding guns with control 
units. 

The torches are very light, and are 
fitted with transparent nozzles to pro- 
vide unrestricted visibility. 

If needed, Miller power sources can 
be provided for use with this equipment. 


Aluminium stud welding 


Developments in aluminium stud 
welding were described by D. J. N. 
Laurie in the April issue of BWJ (p.116). 
By adding an argon shroud attachment 
and a preheat arc unit to standard equip- 
ment, Crompton Parkinson (Stud Weld- 
ing) Ltd. claim to have reduced con- 








siderably the effects of porosity and 
oxidation in normally made stud welds. 
Successful welds have been made in the 
complete range of aluminium alloy studs 
up to 4 in. dia. 


STUB ENDS 


p> Mr. John Roberts has been appointed 
Midland Area Representative for Weld- 
craft Ltd., Slough (one of the G. D. 
Peters Group). 


> Messrs. K. A. Ballard Ltd., of Wor- 
cester Park, Surrey, have been appointed 
London Agents to the Clyde Structural 
Iron Co. Ltd. 


»Mr. A. M. Browne, Chairman and 
Managing Director of Hackbridge and 
Hewittic Electric Co. Ltd., has been 
elected President of the British Electrical 
and Allied Manufacturers’ Association. 
Mr. H. H. Mullens, Chairman and 
Managing Director of A. Reyrolle & 
Co. Ltd., has been elected Deputy 
President. 


Details of a wider range of rough- 
machined seam-welding wheel blanks in 
Mallory 3 are given in Leaflet 7200/3 
published by Johnson, Matthey & Co. 
Ltd. The blanks are now obtainable in 
metric sizes, 


DIARY 


8th-11th May—Industrial Finishes Ex- 
hibition and Convention (Earls Court, 
London) 

8th-18th May—Mechanical Handling 
Exhibition (Earls Court, London) 

31st May-2nd June—Institute of Weld- 
ing—Joint Meeting with the Nether- 
lands Welding Society in Utrecht. 
** Aluminium” 
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WELDING LITERATURE 


Book Reviews 
Additions to the Institute Library 
Trade Publications 


i 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1961, vol. 52, January 


Welding at Chalk River, J. V. Cornwell (12-13) 
Welded aluminium watercraft, H. Peacor (22) 


Journal of the Japan Welding Society, 1960, vol. 29, 
November 
Selection of welding conditions for CO, or CO,—O, arc welding, 
I. Masumoto (3-15) 
Effect of material and welding on the pull-out type fracture in 
fillet-welded joints. M. Watanabe and others (16-24) 
Welding of cast iron and nodular graphite cast steels. Report 2, 
M. Homma and others (25-29) 
Studies on porosity in welded joints. Report 2, Y. Ando and 
others (30-33) 
Some basic experiments with acetylene purifier, I. Ueda and 
H. Sinotani (35-38) 
A study of weld cracking in austenitic stainless steel. Report 2, 
H. Suzuki and others (39-44) 


Journal of the Japan Welding Society, 1960, vol. 29, 
December 
The urgent problem of welding education in the Technical High 
School, M. Okada and T. Ogita (3-9) 
A study of weld cracking in aluminium and its alloys, H 
Kihara and others (10-17) 
Effect of alloying elements on notch toughness of basic weld 
metals. Report 5. Effect of phosphorus, H. Sakaki ——. 
Hot ductility of stainless steels during weld thermal cy 
Report 2. Investigation of AISI type 347, 304 and Sol, 
alloys, H. Suzuki and others (24-33) 
Gn te preety of veh ae Cpe hy penenne wate 
arc welding. Report 2. Effect of hydrogen, I. Masumoto (34- 
40) 






























































Schweisstechnik (Berlin), 1961, vol. 11, January 


Rimming and semi-killed steels, their production, strength and 
economical significance to the political economics of the 
German Democratic Republic, J. Olden (3-9) 

Selecting suitable materials for use in welded structures, 
H. Ziethe (9-13) 

Artificial porosity and imperfections in weld metal deposits 

to hydrogen, F. Erdmann-Jesnitzer and R. Probst (13-16) 
The interaction of side- and end-fillets. Part 2. An evaluation 
of hitherto gathered results, S. Marx and R. Muller (17-24) 
Welded pontoons for a 100 ton floating crane (25-30) 
Influence of the admission of the CO, welding method on the 
Goan technology for pressure vessels and boilers, H. Maass 
Hard facing of locomotive cylinder covers by submerged arc 
welding, B. Heinze (34-35) 


Schweissen und Schneiden (Germany), 1961, vol. 13, 
February 


Some welding problems encountered during the manufacture of 
nuclear reactors, A. Schiller (39-43) 

Welding problems in the manufacture of reactors, H. Oehme 
(43-48) 

Technique of welding in the manufacture of condensate/sub- 
cooler for the RWE Nuclear Power Station at Kahl, H. 
Henseler (49-56) 

Tests in manual arc welding of unalloyed steel plates of great 
wall thicknesses, T. Schlieper and M. Deeskow (56-60) 
Welding conditions for resistance spot welding stainless 18/8 
on steels, R. Oppenheim and W. D. Brand 


Welding Engineer (U.S.A.), 1961, vol. 46, January 


Forty-five years of welding . . . from the blacksmith era to the 
space age (31-34) 

How to select and use proper welding, power sources, D. H. 
Hawes (35-38) 


How temperatures are measured, E. Kimmel (40-41) 


How to get the most from your resistance welder, H. Bach 
(42-43) 


pro you should braze small diameter piping, A. W. Swift (44— 


What is the welding inspector’s job? B. Ronay (47) 
Submerged-arc welding helps build “split” barges, H. W. 
Bailey and R. S. May (66) 

Processes of welding: Engineering Data Sheet No. 245 (71) 
Survey of welding metallurgy shows problems and 
encountered in fabrication, W. H. Bruckner (72-74) 
Square-butt Mig welding joins aluminium cylinders (75-76) 
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Welding Fabrication and Design (Australia), 1960, 
vol. 4, December 


The theory and practice of spot welding, D. D. Williams (9-12) 
A summary of the characteristics of structural steels, N. W. 
Morgan (17-23) 


Welding Fabrication and Design (Australia), 1961, 
vol. 4, January 
Current trends in resistance welding equipment, I. Reynolds 
(9-14) 
Proposed recommendations for fire prevention in usage of cut- 
ting and welding processes (15-17) 
Welding equipment in the Soviet Union (19-23) 


Welding Journal (U.S.A.), 1961, vol. 40, February 
Materials and shop welding techniques are described for the 
primary piping system of the Yankee Atomic Electric Plant, 
R. R. Rothermel and R. A. Loose (119-124) 

Production welding of thin-walled pressure vessels, T. J. 
Bosworth and D. S. Hemminger (125-131) 

Heavy-duty constricted tungsten arc cutting of all metals, 
W. A. Geideman and H. B. Bott (132-140) 

Zircaloy welding techniques developed for plutonium recycle 
program UO, fuel element fabrication, L. E. Mills (141-151) 
Fundamentals of weld behaviour under hindered contraction, 
R. E. Travis and others (49s—56s) 

Pressure butt welding of steel pipe using induction heating, 
S. G. Harris (57s-65s) 

An unusual fracture, G. F. Modlen (65s; 89s) 

Diffusion bonding of zircaloy plate-type fuel elements, W. 
Lehrer and H. Schwartzbart (66s-—80s) 

The nature of the diffusion of brazing alloy elements into heat- 
resisting alloys, W. Feduska (81s-89s) 

Properties of stainless steel sandwich using low-density honey- 
comb cores, H. Smallen and W. F. Roberts (90s—96s) 


Welding Production (U.S.S.R.), 1960, No. 3, March 
(Trans. B.W.R.A., February 1961) 


_— anniversary of the birth of Evgenii Oscarovich Paton 
1-3) 

Automatic welding (overlaying) of steel with copper electrode 
wire, S. M. Katler and V. A. Sinikov (4-8) 
Horizontal-vertical welding in CO, with plate of large thick- 
ness, V. N. Suslov and S. I. Klepikov (9-13) 

Influence of residual stresses on the vibration strength of welded 
structures, N. O. Okerblom and D. I. Navrotskii (13-19) 
The ultrasonic welding of aluminium and its alloys, L. L. Silin 
and others (19-25) 

Submerged arc welding with the welding zone preheated to high 
temperatures, A. S. Gel’man and S. N. Mel’bard (25-28) 
a of stress in a spot weld under load, B. B. Zolotarev 
(28-33) 

The effect of graphite on the gas content and porosity of welds 
during submerged arc welding, L. S. Sapiro (33-36) 

The electro-slag welding of IKh18N9T steel plate, I. D. 
Davydenko and others (37-44) 

Automatic wear-resistant hard facing in production, 
A. P. Sushchenko (44-49) 

Wear-resistant hard facing with a “‘powder-tape”’ electrode, 
O. A. Bakshi and others (50-55) 

The cutting of aluminium alloys with a penetrating alternating 
current arc, V. V. Kudinov (55-59) 

The projection welding of articles made of alloy steels and 
titanium, F. E. Tret’yakov and others (59-61) 

Current carrying device for seam welding circular pipe seams, 
Yu. V. Rybakov (62-66) 

Semi-automatic welding with 3-4 mm diameter electrode wire, 
Yu. N. Zaitsev and others (66-68) 

in Yugoslavia, N. N. Rykalin and A. N. 


Welding engineering 
Shashkov (69-75) 


Other Journais 


Microstructural causes of heat-affected zone cracking in heavy 
section 18-12-Nb austenitic stainless steel welded 
N. E. Moore and J. A. Griffiths (Journal of the Iron and Steel 
Institute, 1961, vol. 197, January, pp. 29-39) 
Welding of steels having protective coatings, M. K. Williams © 
(Engineer and Foundryman (South Africa), 1960, vol. 26, 
November, pp. pit Ae 

Portable cutting machines (Engineer and Foundryman (South 
Africa), 1960, vol. 26, November, p. 39) 
Some ductility aspects of 18—12—1Nb steel, R. J. Truman and 
H. W. Kirkby (Journal of the Iron and Steel Institute, 1960, 
vol. 196, October, pp. 180-188) 
Heat-affected zone cracking in welded high-temperature 
austenitic steels, R. N. Younger and R. G. Baker (Journal of 
4 Iron and Steel Institute, 1960, vol. 196, October, pp. 188- 
194) 


Conveyorized automatic spraying (Metal Industry, 1961, 

vol. 98, January 20, pp. 47-48) 

Will welding profits improve? Survey Report 1961: welding 

equipment (/ron Age (U.S.A.), 1961, vol. 187, January 5, 

pp. 200-203) 

How the Russians are using ultrasonics in metallurgy, A. B. 
Tesmen (Metal Progress (U.S.A.), 1961, vol. 79, January, 
pp. 79-83) 

Status of welding processes in Europe, M. Komers (Metal 

Progress (U.S.A.), 1961, vol. 79, January, pp. 107-112) 

Stress-relieving large weldments by radiant heating, T. Bishop 
(Metal Progress (U.S.A.), 1961, vol. 79, January, p. 124) 
Development of the ASTM Standard Reference Blocks for 

ultrasonic inspection, F. C. Panian and H. E. Van Valkenburg 
(Nondestructive Testing (U.S.A.), 1961, vol. 19, January— 
February, pp. 45-57) 

Ultrasonic inspection of submarine steel weldments, N. A. 

Sinclair and M. M. Nanda (Nondestructive Testing (U. S.A.), 
1961, vol. 19, pp. 58-64) 

Axles welded in a vapour shield (Jron Age (U.S.A.), 1961, 
vol. 187, 19 January, pp. 78-80) 

Economics of cutting processes, J. on (Production Engineer, 
1961, vol. 40, February, pp. 122-131) 

Some post-war developments in naval construction. Part 6. 

Welding, Sir Alfred J. Sims (Transactions of the North East 
Coast Institution of Engineers and Shipbuilders, 1961, vol. 77, 
February, pp. 195-196) 

High-strength steel sheet (300M), J. C. Chang and others 

a Progress (U.S.A.), 1960, vol. 78, December, pp. 101- 


Cold-joint problems disappear on aut ed soldering line, 
R. H. Eshelman (Jron Age (U.S.A.), 1961, vol. 187, 26 Jan- 
uary, pp. 69-71) 

New welding processes. Part 1, J. J. Chyle (Machine Produc- 
tion (Canada), 1961, vol. 20, January, pp. 19-23) 

Why non-destructive testing is needed, R. C. McMaster (Metal 
amen (U.S.A.), 1961, vol. 79, February, pp. nse 
Welding and heat treating a 60-ton cryogenic vessel, W. H. 
Vetter (Metal Progress (U.S.A.), 1961, vol. 79, February, 
pp. 88-90) 

Heat processing of stainless steels. Vacuum furnaces 
versatile, H. W. Westeren (Metal Progress (U.S.A.), 1961, 
vol. 79, February, pp. 106-109) 

Welded overlays for corrosion resistance (Metal Progress 
(U.S.A.), 1961, vol. 79, February, p. 116) 
Developments in marine steam turbine design, T. W. F. Brown 
(Transactions of the Institution of Engineers and Shipbuilders in 
Scotland, 1961, vol. 104, Part 3, pp. 82-159) 


ADDITIONS TO THE LIBRARY 
Books and Pamphlets 


WELDING RESEARCH COUNCIL: Bulletin Series: 


No. 65: Feasibility studies of stresses in ligaments, M. M. 
. November 1960. 














In the world of welding 
the world uses 
Yates Plant 


YATES PLANT LTD. 


Bedewell Works + WHebburn-on-Tyne - Co. Durham ~- Tel: Jarrow 897124 


BP/yPyi1 A MEMBER OF THE BAKER PERKINS GROUP 
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and industrial eye fatigue 





‘Arc eyes’ can arise 

through a moment's carelessness. 
It can readily be relieved, 

as a safe pre-medical 

treatment, by application of 
Optrex in the special eye syringe 
which allows self-administration. 
Moments of carelessness, in turn, 
are often due to eye fatigue 

arising from over-concentration, 
harsh or dim lighting, 

dust- and fume-laden atmospheres. 
Encourage the regular, 
precautionary use of Optrex by 

all workers who may need it 
(especially spectacle-wearers 

and the middle-aged). 
















OPTREX 

Eye Lotion 

Mildly astringent, antiseptic, 
isotonic with eye fluids; 
sterile and particle-free, 
Dispenser's bottle, 7/6d. 


OPTREX 

Eye Syringe 

Ensures copious irrigation 

with air excluded, and permits 
self-administration. Withstands 
repeated sterilisation. 15/-. 


the eye lotion 


Fo 
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BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully Pay sets—110 amp £27, 180 
amp , 250 —_ £75, 300 amp £89 10s., 
350 amp £105, 4 

Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 

_ parallel for double output. 
Combined welding and brazing sets also 
available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 


amp £138 10s. etc. 








PELOX 
a 





cleans 


STAINLESS STEEL WELDS 


efficiently, safely, economically 


TRIAL SIZE BOTTLE 6/6 post free 


NORTH HILL PLASTICS LIMITED 
Manley Court, London N.16. STA 3773 











WELDING TECHNOLOGY 
POST GRADUATE BURSARIES 


The Institute of Welding invites applications for the award of two British Oxygen 
Welding Bursaries tenable at the College of Aeronautics, Cranfield, from Oct. 1961 
to July 1962. Applicants must be less than 30 years old on 1 Oct. 1961, be graduates 
of a British University in engineering, naval architecture or metallurgy or hold 
equivalent educational qualifications, and have experience in the practice or advanced 


teaching of engineering or metallurgy. 


Closing date for applications 1 June, 1961. Apply for full particulars to the Secretary, 
The Institute of Welding, 54 Princes Gate, Exhibition Road, London, S.W.7. 








WELDING SUPERVISOR 


required for procedure and quality control over all welding, cutting, 
and edge preparation by medium sized expanding manufacturers of 
Class I pressure vessels, heat exchangers, steam boilers, process 
plant, and engineering fabrications and details in mild, stainless and 
heat resisting steels and metals, and aluminium alloys, in all weights 
up to 20 tons. The post is a staff job and candidates must have 
absolutely first-hand practical experience and skill with all latest 
manual and automatic processes (these are already in use here) and 
possess the ability 

(a) To demonstrate clearly and explain best methods to budding 
welders as well as to older experienced operators and to see that 
these are carried out. 

(6) To maintain or raise further existing standards of workmanship 
of all certificated and non-certificated welders, and to keep 
systematic individual records of progress. 

(c) To make the best use of all welding plant and manipulators, and 
to see that same are used properly by operators, and kept in 
good order by maintenance dept. 

(d) To keep up-to-date with all latest developments and to bring 
these to notice of management. 

(e) To see that the right man is used for the right job. 

Some knowledge of metallurgy and ability to interpret and discuss 

x-ray photographs is essential. 

This is an important post as the aim is to increase I.C.I. and Lloyd’s 

certification to all vessel welders employed, as well as raising and 

maintaining a high general standard for even the simplest work. 

A good salary will be paid, with free pension and insurance scheme, 

and help with housing if required. Responsibility for quality will be 

to Board of Directors only. 

Please send full details of career to date to: 

The Managing Director 
Syntilla Manufacturing Co. Ltd. 
DUNSTABLE 


Bedfordshire 
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Complete range, 
30-600 amps 


DIESEL 
oe 


WELDING 
INDUSTRIES L™® 


Blackswarth Road, Bristol 5. Phone 58408 






















For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 


Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘“‘MALLORY’”’ 
Resistance Weld. Products 








“ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 
The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 


East Lancashire Road, Liverpool, 10 
Telephone: AINtree 3641 
W.A.24 











SERVICES OFFERED 


FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 


“NEW PROCESS” TYPE PW10. PORT- 
ABLE PLIERS—TYPE SPOT WELDING 
MACHINE for sale. For edge welding two 
thicknesses of 12 or 14 S.W.G. Stainless 
Steel. 10 K.V.A. 200 volts, 50 cycles. Throat 
23”. Flexible leads 6ft. long. Overhead 
gantry to carry the head or it can be used 
free. Weld timer from 0 to 8 seconds. Photo 
etc. from F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1. or 41 Water, Street 
Birmingham. 3. 





*‘Confidential L. 94L’’. 





WELDING RESEARCH 


THE INTERNATIONAL 
NICKEL COMPANY(MOND)LTD. 


has a vacancy at its Development and Research Department 
Laboratory in Birmingham for a graduate metallurgist interested in 
welding. The work involves studies of the joining of nickel-containing 
ferrous and non-ferrous alloys for which the successful applicant 
will be personally responsible. Publication of results is encouraged. 


Previous experience of welding is desirable but not essential. 


Salary will be in accordance with qualifications and experience. 
Pension and assurance schemes are in operation and, in appropriate 
cases, assistance can be given for housing. Applications, which will 
be treated in confidence, should give details of age, qualifications 
and experience. They should be addressed to The Research Manager, 
D. and R. Dept., The International Nickel Company(Mond)Ltd., 
Thames House, Millbank, London, S.W.1. Please mark envelope 





“PELS” TYPE B.L.U.F.G. 26. DOUBLE 
ENDED UNIVERSAL PUNCHING, 
BAR SHEARING AND _ SECTION 
CROPPING MACHINE, for sale. Steel 
plate frame. Punches up to 1%” diameter, 
through 1” thick. Depth of gap 24”. Shears 
flat bars up to 1” thick. Length of blades 
12”. Crops angles and tees 6” x 6” x ?” and 
on the motre 5” x 5” x 8”. Rounds, squares, 
2%”. Weight about 8 tons. Arranged motor 
driv2 400/440/3/50. F. J. Edwards Limited, 
359 Euston Road, London, N.W.1. or 41 
Water Street, Birmingham. 3. 





MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON N.15 


RING TOTTENHAM 040! 
dm M0107// 


FASSLER MOTOR DRIVEN STITCH 
WELDING MACHINE, Type PF40 for 
sale, 40 kVA. Suitable for 415 volts, 50 
cycles. Capacity ?” added thickness. Depth 
of gap 24”. Reeves variable speed drive. 
Four heating speeds. Full details from 
F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1, or 41 Water Street, Bir- 
mingham 3. 





Engine driven D/C 


WELDING 
EQUIPMENT eooen aoe 
for | double operator also 
IMMEDIATE 
HIRE 


WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: “‘Weldrod’’ 


transformers. 
Delivery and 
collection arranged. 














“SEDCWICK” MOTORISED PRESS 
BRAKE for sale. Capacity 6ft x 4” mild 
steel. Width between side frames 41”. Depth 
of gap 15”. Die space stroke down adjust- 
ment up, 274”. Steel plate side frames and 
bed. Motor drive for 440/3/50. Weight about 
6 tons. F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1. or 41 Water Street, 
Birmingham. 3. 





SENIOR 
WELDING ENGINEER 


aged 30/40 required by Consulting 
Engineers for a wide range of advisory 
and supervisory services. Wide ex- 
perience of welding and non destruc- 
tive testing essential. The position is 
based at our main testing laboratories 
at Victoria, but involves visits through 
U.K. and Overseas. Apply in writing 
to Messrs. Sandberg, 40 Grosvenor 
Gardens, S.W.1. 
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NEW “AIR COOLED” 
ELECTRODE HOLDER 


for continuous welding 


Specially designed and developed to combat heat 

generated during welding operations at high duty cycles, 

the Courtburn “Special’’ 600 amp electrode holder is 

the most advanced holder of its type available. 

The heat generated by the current passing through the 

cable is dissipated by an insulating barrier of air 

circulating round it. This enables the operator to 

maintain continuous welding without suffering dis- 

comfort. 

The “Special” provides greater efficiency plus economy. 
Price £3 15s. Od. 

Tried and tested Courtburn standard models are also 

available from stock as follows :— 

CS 400 and CT 400—400 amp capacity £2 7s. 6d. each. 

CS 600 and CT 600—600 amp capacity £2 15s. 0d. each. 

Ask for free trial. It pays to buy Courtburn Quality. 

COURTBURN SUPPLIES LTD 
Stanley Works, Kempston Hardwick, Bedford 
Tel.: KEMpston 2341 
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You never see a prima donna 


pair of Bennett’s gloves 





A wide range of quality 
industrial Gloves, Mitts, 
Aprons, and Clothing in’ 
leather, rubber, asbes- 
tos, plastic and various 
fabric materials are 
made and stocked for 
all trades and pro- 
cesses. Technical 
Representatives are 
available for consulta- 
tion in all parts of the 
British Isles at short 
notice. 


— but operatives 
sing their praises! 


BENNETT’S 


INDUSTRIAL GLOVES 


H. G. BENNETT & CO. (Gloves) LTD. 
Industrial Glove Specialists 
LIVERPOOL 23 - GREat Crosby 3996/7 








COOPER ELECTROHEAT LIMITED 


164 LORD STREET SOUTHPORT LANCS 
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COOPER 
ELECTROHEAT 
OFFERS YOUe 


@ A contract service in the preheat, or stress relief, 
of reactor pressure vessels, heat exchangers, class 
1 vessels, piping, steam drums, headers, down- 
comers, submarine shells, ship’s high tensile lifting 
derricks, ducting, ship’s stern frames, vessel re- 
pairs, nozzles, branches and all complex fabrications. 


@ Low cost electric furnaces, of Cooper Top Hat type, 


to stress relieve your fabrications. 


@ Large, panel type, electric furnaces to cope with 
stress relief of nuclear heat exchangers and similar 


sized pressure vessels. 


@ Easy-fit electrical elements for all industrial appli- 


cations. 


16 pp. handbook on request. 











Southport 2062 
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CO. WELDING 


PHILIPS 
LEAD AGAIN! 


FASTEST MANUAL ALL-POSITION WELDING! 


twice as fast as heavy-gauge manual electrodes 





All-position welding—from 
overhead through vertical to 
downhand—twice as fast as 
heavy gauge manual electrodes 
—that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
ordinary D.C. welding-power 
sources, either rectifier or motor- 
generator. Thespecially designed 
“easy-on-the-arm” welding gun 
gives perfect balance in the hand, 
and reduces operator fatigue to 
a minimum. Ask for full details 
of this revolutionary all- 
position equipment and its very 
high deposition rates. 





PHILIPS 








By courtesy of W. G. Watson (Welding) Ltd. 


OTHER LEADING FEATURES 


Wire-feed and welding current automatically stop * Three wire sizes: 0.9 mm. 1.2 mm. 1.6 mm. 
and red warning lamp lights if gas fails. Only the gun contact-tip is changed. 

* Wire feed infinitely variable between 6 and * Coil holder carries 44 or 56 Ib coils of wire, has 
54 F.p.m. Set by directly calibrated control. adjustable automatic brake. 

* Wire controlled during welding by solenoid- * Turntable mounting of wire-feed unit gives up to 
operated pressure roll and adjustable straightening 20 ft of gun movement. 
device. * Low-hydrogen welds of high radiographic quality 


are consistently made. 


Sole distributors in the U.K. 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING’S CROSS ROAD, LONDON W.C.1 TELEPHONE: TERMINUS 2877 


Inside back cover 





Equipment designed for fast, 
low-cost work on the widest range 
of materials... the sensational 
Saffire for example. 

From the full range of Saffire 
equipment there’s sure to be a 
Saffire which can help cut 

your production costs; ask any 

of our 38 branch offices for 


experienced and expert advice. 


THE BRITISH OXYGEN 
COMPANY LIMITED 


LIGHT IND TRIAL DEPARTMENT 
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